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THE  RELATION  OF  NEEVE-STTPPLY  TO  MUSCLE- 
HOMOLOGY.  By  D.  J.  Cunningham,  M.D.,  Senior 
DemonstrcUor  of  AncUomy  in  the  University  of  EdirJywrgk} 

The  object  of  this  paper  is  to  test  the  value  of  "  nerve-supply  " 
as  a  guide  in  our  endeavours  to  trace  the  history  of  a  muscle  or 
group  of  musclea 

The  late  Professor  Kolleston,  in  his  well-known  observations 
npon  the  serial  homologies  of  the  muscles  connected  with  the 
pelvic  and  shoulder  girdles,^  employed  this  means  with  marked 
success,  but  in  the  determination  of  ordinary  homologies  it  has 
been  the  general  custom  in  this  country  to  rely  solely  upon  a 
consideration  of  the  (1)  position,  (2)  origin,  and  (3)  insertion  of 
a  muscle.  In  myological  memoirs  it  is  rare  indeed  to  find  a 
detailed  account  of  the  innervation. 

But  \h,e  position^  origin^  and  insertion  of  muscles  are  features 
which  are  subject  to  much  variation. 

The  insertion,  inasmuch  as  it  involves  the  action  or  function 
of  a  muscle  to  a  greater  extent  than  the  origin,  is  therefore  of 
proportionately  greater  importance.  Many  instances,  however, 
might  be  given  to  show  that  it  is  liable  to  alteration.  I  will 
content  myself  by  quoting  a  few  facts  from  observations  upon 
the  dorsal  irUerossei  of  the  foot.  As  a  general  rule,  these 
muscles  in  mammalia  are  inserted  so  as  to  operate  as  abductors 

1  This  paper  is  an  abstract  of  portions  of  the  report  which  the  author  is  prepar* 
isgnpon  the  Anatomy  of  the  Marsnpials  brought  home  by  the  "Challenger" 
Expedition.  It  is  published  by  the  permission  of  the  Lords  Commissioners  of 
the  Treasury,  and  it  was  read  before  the  International  Medical  Congress  in 
London,  August  1881. 

'  On  the  Homologies  of  certain  of  the  Muscles  connected  with  the  Shoulder- 
joint. — Linnean  Transaetiona,  vol.  xzvi 
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of  the  digits  from  a  line  drawn  through  the  medius.  In  man, 
however,  and  probahly  also  in  the  gorilla/  they  are  inserted  with 
reference  to  the  index,  and  in  the  lemurs  they  are  inserted  with 
reference  to  the  annular  digit.  Again,  we  find  in  some  marsupial 
and  monotrematous  feet  that  certain  of  the  dorsal  interossei 
assume  a  new  and  opposite  function,  viz.,  approximation  of 
the  digits.  This  they  effect  by  a  splitting  of  their  tendon  into 
two  parts,  which  are  inserted  into  the  contiguous  bases  of 
adjacent  toes.  I  might  give  many  other  examples,  even  from 
this  group  of  muscles,  but  those  I  have  mentioned  are  sufficient 
to  prove  that  the  insertion  of  a  muscle  is  capable  of  considerable 
variation. 

The  origin  and,  in  a  corresponding  measure,  the  position  of  a 
muscle  are  even  more  liable  to  change,  and  therefore  are 
features  upon  which  we  cannot  place  much  reliance.  What 
better  example  of  this  could  we  have  than  the  case  of  the 
extensor  brevis  digitorum  pedis?  The  history  of  this  muscle 
has  recently  been  very  thoroughly  and  very  beautifully  worked 
out  by  Dr  Georg  Ruge.*  It  belongs  originally  to  the  peroneal 
group  of  muscles,  and  in  the  monotremata  it  may  be  observed 
arising  entirely  from  the  fibulsu  Its  progress  as  it  passes 
down  to  the  dorsum  of  the  foot  can  be  traced  step  by  step 
through  the  mammalian  series.  First  one  belly  descends,  then 
another,  and  so  on  until  the  entire  muscle  gains  the  dorsum 
of  the  foot  as  in  man. 

We  now  come  to  the  relation  which  nerve-supply  bears  to 
musde-homology.  Recently  Dr  Ruge*  has  enunciated  the 
doctrine  that  there  is  an  invariable  and  immutable  relation- 
ship between  inTiervation  and  homology.  He  asserts  that  a 
muscle  is  to  be  regarded  as  the  end-organ  of  a  nerve,  and 
therefore,  when  a  muscle  alters  in  position  and  connections, 
its  original  and  typical  relations  can  always  be  identified  by  its 
nerve  of  supply. 

Let  us    test  the  accuracy  of    this  statement     The  most 

^  Biflchoff,  Beitrdge  swr  Anatomie  dee  Gorilla,  Miinchen,  1879. 

>  A  Research  into  the  groi^  of  Extensors  on  the  Leg  and  Foot  of  Mammalia. — 
Morph.  Jahr.  1880. 

'  ProcesseB  in  the  Development  of  the  Muscles  of  the  Human  foot. — Morph. 
Jahr,  1878,  p.  187. 
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oonvenient  method  of  doing  this  is  to  choose  one  or  more 
nerves  and  examine  these  in  their  relation  to  the  group  of 
muscles  they  supply  in  a  large  number  of  different  animals. 
It  seems  to  me  that  the  most  advantageous  nerves  to  select  are 
the  plantar  nerves  of  the  foot,  and  it  is  convenient  to  examine 
them  in  their  connections  with  the  intrinsic  group  of  muscles. 
Under  the  term  "  intrinsic/'  as  applied  to  the  muscles  of  the  foot, 
we  do  not  include  (1)  the  extensor  brevis  digitomm,  (2)  the 
lumbricales,  (3)  the  flexor  brevis  digitorum,  or  (4)  the  accessorius. 
Taldng,  therefore,  .any  digit,  we  may  reasonably  conclude  that 
tiie  intrinsic  muscles  of  that  digit  are  homologous  with  the 
intrinsic  muscles  of  the  corresponding  toe  in  all  animals. 

The  question  now  is — ^Are  these  muscles  invariably  supplied 
by  the  same  plantar  nerve  ?  I  have  examined  a  large  number 
of  feet  of  animals  belonging  to  different  orders  and  genera  of 
mammalia,  and  find  that  in  the  majority  the  innervation  of 
the  intrinsic  muscles  is  identical.  It  is  the  same  as  that  which 
is  found  in  the  human  foot.  The  internal  planar  nerv^  supplies 
twp  muscles  of  the  great  toe,  viz.,  the  abductor  hallucis  and 
flexor  brevis  hallucis.  The  external  plantar  nerve  is  distributed 
to  all  the  other  intrinsic  muscles  of  the  foot,  t.e.,  to  the  adductor 
hallucis  and  transversalis  pedis  (the  two  remaining  muscles  of 
the  great  toe),  and  to  the  intrinsic  muscles  of  the  index,  medius, 
annularis  and  minimus. 

In  the  manus  the  nerve  arrangements  are  similar  to  those  in 
the  pes.  The  median  nerve,  which  is  the  representative  of  the 
internal  plantar,  supplies  only  those  muscles  which  are  homolo- 
gous with  the  flexor  brevis  hallucis  and  abductor  hallucis  of  the 
foot ;  whilst  the  uln^r  nerve,  which  is  the  representative  of  the 
external  planiar,  supplies  all  the  remaining  intrinsic  muscles  of 
the  hand. 

Whilst  this  is  the  general  rule,  and  may  almost  be  regarded 
as  the  typical  distribution  of  the  plantar  nerves,  several  notable 
exceptions  exist,  and  it  is  to  these  I  will  now  direct  attention. 
They  are  to  be  found  in  the  feet  of  the  elephant,  hyrax,  beaver, 
and  foxbat. 

The  first  three  of  these  animals  afford  examples  of  an  encroach- 
ment of  the  irUemal  plantar  upon  the  territory  usually  occupied 
by  the  external  plantar.     The  foxbat  is  an  instance  of  what 
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seems  to  be  a  much  rarer  form  of  deviation,  viz.,  an  encroach- 
ment of  the  external  plantar  into  the  domain  of  the  internal 
plantar. 

Elephant. — The  elephant  which  I  had  an  opportunity  of 
examining  was  a  foetal  specimen  of  Mephas  indicuSy  the  same 
indeed  as  that  which  is  described  and  figured  by  Professor  Turner 
in  the  Journal  of  Anatomy  and  Physiology,  July  1881.  The  hallux 
is  destitute  of  intrinsic  muscles.  A  muscular  twig  nevertheless 
proceeds  from  the  digital  branch  of  the  internal  plantar  nerve 
which  goes  to  supply  the  contiguous  sides  of  the  index  and 
medius.  It  is  a  twig  of  some  size,  and  sinking  into  the  sole,  it  is 
distributed  to  both  heads  of  the  flexor  brevis  indicis,  and  com- 
municates with  one  of  the  deep  branches  of  the  external  plantar 
nerve. 

The  intrinsic  muscles  of  the  minimus,  annularis  and  medius, 
and  the  transversus  indicis  are  supplied  by  the  external  plantar 
nerve. 

Hyrax. — In  the  foot  of  the  hyrax  the  hallux  and  minimus  are 
absent.  As  in  the  case  of  the  elephant,  the  internal  plantar 
nerve  gives  off  a  deep  branch  which  dips  into  the  sole  between 
the  flexor  tendons  for  the  medius  and  index,  and  is  distributed 
to  all  the  intrinsic  muscles  of  the  index,  and  one  muscle  belong- 
ing to  the  medius,  viz.,  the  second  dorsal  interosseus.  The 
exterrud  platUar  nerve  sends  off  a  very  minute  deep  division 
which  supplies  the  intrinsic  muscles  of  the  annular  digit. 

Although  I  made  a  dissection  of  both  feet  of  the  specimen,  I 
was  unable  to  make  out  with  precision  the  nerve-supply  of  the 
flexor  brevis  medii. 

Id  the  hand  of  the  same  animal  I  was  much  interested  to  find 
very  much  the  same  peculiarities  in  the  nerve  arrangements. 
The  median  nerve  supplies  the  muscles  of  the  poUex  and  index 
and  ends  in  the  outer  head  of  the  flexor  brevis  medii.  The 
vinar  nerve  gives  twigs  to  the  muscles  pf  the  minimus  and 
annularis. 

The  second  dorsal  interosseus  muscle  which  is  supplied  by  the 
internal  plantar  in  the  foot  is  absent  in  the  hand.  The  fact  of 
the  outer  head  of  the  flexor  brevis  medii  of  the  hand  being 
supplied  by  the  median  may  simply  indicate  that  it  contains  in 
its  midst  the  fibres  of  this  lost  interosseous  muscle.    In  the 
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manus  therefore,  no  less  than  in  the  foot,  I  am  doubtful  as  to  the 
nerve-supply  of  the  short  flexor  of  the  middle  digit. 

Beaver. — In  the  leaver  a  still  more  remarkable  deviation  is 
found.  The  irUemai  plantar  nerve  divides  into  the  usual  four 
digital  branches,  viz.  (1)  for  the  inner  side  of  the  hallux,  (2)  for 
the  adjacent  sides  of  the  haUux  and  index,  (3)  for  the  contiguous 
margins  of  the  index  and  medius,  (4)  for  the  adjoining  sides  of 
the  medius  and  annularis.  From  these,  three  muscular  branches 
proceed  for  the  supply  of  the  intrinsic  muscles. 

The  first  musevlar  twig  comes  from  the  digital  nerve  to  the 
inner  side  of  the  great  toe,  and  supplies  the  abductor  hallucis. 
The  second  is  the  largest  of  the  three,  and  proceeds  from  the 
third  digital  nerva  It  sinks  into  the  sole  in  the  interval  be- 
tween the  long  flexor  tendons  which  go  to  the  medius  and  index, 
and  breaks  up  into  filaments  which  spread  out  to  supply  the 
adductor  hallucis^  the  Ji/rst  dorsal  interosseus,  the  Jleocor  brevis 
indicts  and  the  inner  head  of  the  fleocor  brevis  medii.  The  third 
muscular  brcunch  springs  from  the  fourth  digital  nerve,  and  dips 
into  the  sole  between  the  flexor  tendons  and  tbe, medius  and 
annularis.  It  is  destined  for  the  supply  of  the  fieocor  brevis 
medii — ^to  both  heads  of  which  it  gives  filaments^ — and  the  third 
dorsal  interosseus.  It  communicates  on  the  one  hand  with  the 
second  muscular  branch  of  the  internal  plantar,  and  on  the  other 
with  the  terminal  filament  of  the  deqp  division  of  the  external 
flanlar  nerve. 

The  deep  division  of  the  external  plantar  is  a  very  small  twig, 
and  ends  in  the- flexor  brevis  annularis.  The  abductor  minimi 
diffiti  is  supplied  by  the  superficial  division  of  this  nerve. 

FoxBAT. — ^The  foodbat  is  the  only  example  which  I  have  met 
of  the  external  plantar  nerve  extending  beyond  the  usual  limits 
of  its  muscular  distribution  and  invading  the  territory  of  the 
internal  plantar  nerva  The  deep  division  of  the  external  plan- 
tar ends  in  the  substance  of  the  outer  head  of  the  fiexor  brevis 
hallucis.  The  abductor  hallucis  is  absent  in  this  foot ;  it  follows 
therefore  that  the  only  intrinsic  pedal  muscle  supplied  by  the 

'  The  inner  head  of  the  flexor  brevis  medii  has  thus  a  double  nerve-supply. 
With  this  we  must  connect  the  fact  that  the  second  dorsal  interosseous  muscle  is 
absent  It  seems  to  prove  that  the  lost  muscle  has  been  absorbed  by  the  inner 
head  of  the  flexor  brevis  medii. 
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internal  plantar  in  the  foxbat  is  the  inner  head  of  the  flexor 
brevis  hallucis. 

If  it  were  allowable  to  deduce  any  generalisation  from  a 
review  of  the  foregoing  examples,  we  might  infer  that  at  some 
period  the  internal  plantar  nerve  was  as  much,  or  perhaps  more, 
concerned  with  the  supply  of  the  intrinsic  pedal  muscles  than 
the  external  plantar  nerve.  Judging  from  the  foxbat  there  now 
appears  to  be  a  tendency  for  the  external  plantar  (in  so  far  as 
this  group  of  muscles  is  concerned)  to  drive  the  internal  plantar 
out  of  the  field  altogether.  I  km  quite  aware  that  in  the  case  of 
the  foxbat  it  may  be  objected  that  the  muscle  in  which  the 
deep  division  of  the  external  plantar  nerve  ends  is  not  the  outer 
head  of  the  flexor  brevis  hallilcis  at  all,  but  the  oblique  adductor 
hallucis.  In  answer  to  this,  I  can  only  state  that  this  muscular 
slip  lies  in  series  with  the  other  flexores  breves ;  that,  in  fact,  it 
is  ar  flexor  brevis  in  every  respect  except  its  pecuKar  nerve 
supply.  It  is  further  to  be  noted  that  a  large  fan-shaped 
adductor  hallucis  is  present  superficial  to  the  short  flexors. 

But  if  we  extend  our  inquiries  beyond  the  intrinsic  pedal 
muscles,  other  deviations  may  be  found  from  what  may  be 
considered  the  typical  nerve  supply.  In  the  marsupial 
Thyladne  and  Cuscus,  the  adductor  magnus  is  entirely  sup- 
plied by  the  nerve  to  the  quadratus  ftmoris,  and  it  receives  no 
filaments  from  the  obturator  or  the  great  sciatic  nerves,  as  is 
the  case  in  man.^  This  difliculty  might  be  solved,  however,  by 
supposing  that  the  adductor  magnus  is  a  compound  muscle,  con- 
sisting of  a  part  belonging  to  the  adductor  group,  which  in  these 
animals  has  fused  with  the  adductor  brevis  and  a  part  derived 
from  the  flexor  group,  which  in  the  present  instance  is  inde- 
pendent, and  receives  its  nerve  fibres  from  the  same  source,  but 
through  a  difierent  nerve-strand,  viz.,  the  nerve  to  the  quadratus. 

The  adducting  group  of  muscles  holds  an  intermediate  position 
in  the  thigh,  and  in  man  it  seems  to  merge  in  front  with  the 
extensors,  and  behind  with  the  flexors.  The  verve-supply  points 
to  this.  Thus  the  pectineus  is  furnished  with  twigs  from  the 
obturator  and  anterior  crural  nerves,  whilst  the  adductor  magnus 
is  supplied  by  the  obturator  and  great  sciatic  nerves. 

^  Vide  Cunningham,  **  Nerves  of  the  Hind-limh  of  the  Thylacine  and  Cuscus," 
JoumaX  of  Anatomy  and  Physiology^  1881. 
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In  the  same  animals  the  bioeps  croris  mnsde  affords  another 
example  of  a  deviation  from  the  nsnal  mode  of  innervation. 
ThiB  muscle  and  its  accessory  parts  receive  twigs  from  no  fewer 
than  four  diffisrent  sooroes— viz.,  (1)  the  pudic,  (2)  the  nerve  to 
the  hamstrings,  (3)  the  external  saphenous,  and  (4)  the 
mnsculo-cutaneous.^ 

Again,  in  the  ornithorfajnchus^  the  outermost  belly  of  the 
flexor  brevis  digitorum  of  the  foot  is  supplied  by  the  external 
plantar  nerve,  and  in  the  foxbat  the  lumbrical  muscles  of  the 
foot,  which  are  very  highly  developed,  are  each  furnished  with  a 
twig  which  enters  its  superficial  surface.  In  the  case  of  the 
three  inner  muscles,  this  twig  comes  from  the  internal  plantar ; 
bat  in  the  case  of  the  outermost  lumbrical,  the  nerve-filament  is 
derived  from  the  external  plantar.  It  is  right  to  m^ition, 
however,  that  the  two  outer  lumbricals  in  this  animal  are  also 
supplied  by  twigs  from  the  external  plantar  which  enter  their 
deep  surfaces. 

Perhaps  the  stioi^est  evidence  of  any  against  the  immuta- 
bility of  nerve-supply  is  provided  by  Dr  Huge  himself.^  Thus 
in  the  omithofhyncbns  he  finds  the  tibialis  anticus  and  the 
inner  portion  of  the  extensor  longus  hidlucis  supplied  by  a 
branch  from  the  anterior  crural,  which  is  prolonged  downwards 
to  its  deatioation  over  the  external  condyle  of  the  femur.  To 
account  for  this,  he  assumes  that  ''the  internal  part  of  the 
extensor  longus  hallucis  and  the  tibialis  aotieas  are  not  homolo- 
gous to  the  similarly  named  muscles"  in  other  animals,  but 
"  belong  rather  to  the  extensor  group  of  the  thigh."  He  believes 
that  the  fibres  which  ace  supplied  by  the  anterior  crural  nerve 
are  gradually  abolished,  and  that  their  plaoe  is  taken  by  the 
external  muscles  of  the  leg. 

With  the  fiist  part  of  this  hypothesis  I  am  inclined  to  agree, 
viz.,  that  the  innervation  of  these  muscles  points  to  their 
derivation  from  the  extensor  muscles  of  the  thigh ;  but  I  cannot 

^  Vide  Cnnningham,  **  Nerres  of  tlie  Hind-limb  of  the  Thylacine  and  discus," 
Jowmai  of  AnoUomy  and  Phynologyy  1881. 

>  On  account  of  this  nerve^supply,  Buge  classes  this  muscular  slip  with  the 
contrahentis  (i.e.,  adductors).  Its  connections  and  position,  however,  mark  it 
out  as  belonging  without  doubt  to  the  flexor  brevis  digitorum. — Vide  Ruge,  "  On 
the  deep  Muscles  of  the  Mammalian  Foot/'  Morph.  Jahr.,  1880. 

'  Loc  eil,  p.  2. 
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accept  the  second  part  of  the  theory,  that  the  muscleB  thus 
derived  are  replaced  by  others  similarly  situated  and  similarly 
attached.  It  is  much  more  reasonable  to  suppose  that  the 
distribution  of  the  peroneal  nerve  is  gradually  extended  so  as  to 
include  these  muscles ;  that,  in  fact,  the  peroneal  nerve  invades 
the  territory  of  the  anterior  crural  in  the  same  itianner  as  we 
have  seen  the  external  plantar  nerve  encroachnipon  the  internal 
plantar. 

From  the  facts  that  I  have  brought  forward,  I  think  that  we 
are  entitled  to  conclude  that  the  doctrine  of  the  invariable 
relation  between  nerve-supply  and  muscle-homology  is  an 
erroneous  one,  and  contrary  to  existing  fact  The  value  of  this 
feature,  however,  in  the  determination  of  the  history  of  a  muscle 
cannot  be  over-rated.  Indeed,  it  is  equalled  in  importemce 
only  by  the  "  insertion."  I  am  tempted  to  bring  forward,  from 
the  human  body,  an  illustration  to  show  its  importance,  and 
how,  if  attention  had  been  paid  to  it,  a  more  consistent  nomen- 
clature might  have  been  employed.  I  refer  to  the  short  muscles 
of  the  thumb.  In  our  text-books  these  are  described  as  con- 
sisting of  an  abductor,  a  flexor  brevis  (composed  of  a  superficial 
and  a  deep  head),  an  opponens,  and  an  adductor.  The  opponens 
may  be  left  out  of  count,  seeing  that  it  is  a  derivative  from  the 
outer  head  of  the  flexor  brevis.^  These  muscles  are  supplied 
by  the  median  and  the  ulnar  nerves.  The  median  gives  branches 
to  the  abductor  and  the  outer  head  of  the  flexor  brevis.  The 
ulnar  supplies  the  adductor  and  deep  head  of  the  flexor  brevis. 
If  we  now  turn  to  the  foot,  we  find  that  both  heads  of  the  flexor 
brevis  and  the  abductor  of  the  great  toe  are  supplied  by  the 
internal  plantar,  which  is  the  median  of  the  pes,  whilst  the 
adductor  hallucis  and  transversalis  pedis  are  furnished  with 
twigs  from  the  external  plantar  or  ulnar  of  the  foot  Here, 
then,  is  a  marked  discrepancy,  but  it  is  only  an  apparent  one. 
The  truth  is,  that  the  adductor  polUcis  is  the  serial  homologue 
of  the  transversus  pedis,  and  the  deep  head  of  the  flexor  brevis 
poUicis  the  serial  homologue  of  the  adductor  hallucis.  The 
abductor  and  outer  head  of  the  flexor  brevis  pollicis  correspond 
with  the  abductor  and  inner  head  of  the  flexor  brevis  hallucis. 
But  where  is  the  true  inner  head  of  the  flexor  brevis  pollicis  1 

^  Vide  Ruge  on  the  "  Development  of  the  Pedal  Moscles,"  loe,  eit. 
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This  is  a  muscular  slip,  which  is  almost  invariably  present; 
but  owing  to  the  great  development  of  the  adductors,  it  has 
been  thrust  deeply  into  the  palm.  It  is  the  itUerossem  primus 
volaris  of  Herde} 

Lastly,  I  consider  that  it  is  not  at  all  unlikely — ^indeed,  that 
it  is  highly  probable — that  the  source  in  the  brain  or  spinal 
cord  from  which  the  nerve  fibres,  destined  for  the  supply  of  a 
certain  muscle,  are  derived  is  invariably  the  same.  Of  this,  how- 
ever, we  have  little  proof.  It  is  a  matter  of  certainty,  as  we  have 
seen,  that  these  fibres  may  adopt  different  nerve-strands  in  order 
to  reach  the  muscle.  Even  in  the  human  body  great  numbers 
of  examples  of  this  may  be  quoted.  Thus  the  long  buccal  nerve 
has  been  observed  by  Professor  Turner  to  proceed  from  the 
superior  maxillary  division  of  the  fifth  ;^  again,  every  demon- 
strator of  anatomy  has  observed  the  descendens  noni  taking  its 
origin  from  the  vagus  instead  of  the  ninth  nerve ;  and  the  fre- 
quent of  the  accessory  obturator  and  the  accessory  phrenic 
nerves  is  a  fact  of  common  knowledge.  The  Getacea  afford  us 
a  very  striking  illustration.  The  absence  of  functional  hind- 
limbs  and  the  massing  of  the  muscles  in  the  posterior  part  of 
the  animal  into  four  great  columns,  which  are  situated  one  upon 
each  aspect  of  the  spine,  give  rise  to  a  corresponding  adaptation 
of  the  nerves.  Thus  we  find  that  the  lumbo-caudal  nerves,  after 
giving  off  branches  to  the  genitals  and  the  abdominal  wall, 
arrange  themselves  in  four  nerve-cords,  which  extend  backwards 
upon  the  vertebrae  to  the  tail  Each  cord  is  developed  in  rela- 
tion with  one  of  the  four  fleshy  columns.^  The  arrangement  is 
peculiar  to  the  Cetacea,  and  probably  also  the  Sirenia 

^  The  serial  homologies  between  the  short  mnsoles  of  the  thumb  and  great  toe 
were  pointed  oat  more  than  ten  yeara  ago  by  fiischoff  in  his  elaborate  memoir 
npon  the  Hyl6baU$  Uudscua.  The  author  arrived  independently  at  the  same 
results  in  his  researches  into  the  comparatiye  anatomy  of  the  intrinsic  muscles  of 
the  Mammalian  foot. 

*  Journal  ofAncU,  cmd  Pkys,  voL  i.,  and  Proe,  BoycU  Soc,  London^  1868. 

*  Vide  Cunningham,  "l^pinal  Nervous  System  of  Porpoise  and  Dolphin," 
JawmcU  ofAwUomy  and  Physiology,  vol.  xi. 


THE  ACTION  OF  DUBOISIA  ON  THE  OISCULATION. 
By  Geokge  a.  Gibsok,  M.D.,  D.Sc.  iEdin.,  F.RS.R,  FdUruo 
of  the  JRoycd  GolUge  of  Physmans  of£dmbwrgh,  and  Lecturer 
on  Medical  Anaiorwg  and  Physical  Diagnoeis  in  the  £din^ 
burgh  Medical  School. 

(Read  before  the  International  Medical  Congress,  9th  Augast  1881.) 

In  October  1877,  Dr  Bancroft  of  Brisbane  gave  an  account  of 
the  mydriatic  properties  of  the  Pituri  plant  before  Mbe  Queens^ 
land  Philosophical  Society.  Mr  Tweedy  and  Professor  Ringer 
subsequently  published  a  joint  memoir^  on  the  physiologicid 
action  of  this  plant,  which  was  soon  followed  by  a  contribution 
by  Professor  Thos.  S.  Eraser^  and  by  a  further  paper  by 
Dr  Binger.'  From  these  sources  all  our  present  knowledge 
of  Duboisia  has  been  obtained. 

The  Pituri  plant,  yielding  Utte  stimulatii^  narcotic  used  by 
the  Australian  tribes,  hai^  been  referred  to  Bafon  von  Muller's 
Duboisia  Eopwoodii.  From  Ditioieia  myoporoides  is  obtained 
the  alkaloid  used  by  Mr  Tweedy  and  Dr  Binger.  The  genus 
Duboisia  belongs  to  the  family  of  SalpiglossideeB,  a  group 
standing  between  the  ScrophulariaceaB  amd  the  Solanaee^B ;  but 
in  spite  of  its  didynamous  stamens  it  lias  been  relegated  to  the 
latter  order. 

The  alkaloid  Duboisia  dilates  the  pupil,  dries  the  mouth, 
quickens  the  pulse,  arrests  perspiration,  produces  Iieadache, 
causes  drowsiness,  and  finally  induces  tetanus  after  the  lapse  of 
some  hours  from  the  time  of  administration.  As  might  be 
expected,  it  acts  as  an  antagonist  to  muscarin  as  well  as  to  pilo- 
carpine. It  thus  appears  that  Duboisia  has  on  the  whole  a 
series  of  actions  very  similar  to  those  of  Atropia,  and  the  phy- 
siological effects  of  the  alkaloid  seem,  therefore,  to  lend  a  power- 
ful support  to  the  botanicaP  reasons  for  the  classification  of  the 
plant  along  with  the  Solanacese. 

1  Lancet,  1878,  vol.  i.  pp.  304-806. 

•  Proe,  Boy.  Soc  Edin.  vol.  x.  pp.  200-202. 

>  PradUvmer,  vol  xziiL  p.  247-249. 
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In  the  following  investigations  the  method  nsed  by  von  Bezold 
and  Bloebaum  ^  in  their  observations  on  Atropia  has  been  taken 
in  some  degree  as  a  model  This  i$  of  advantage  as  allowing 
careful  comparison  to  be  made  between  two  drugs  which  appear 
to  have  such  close  affinities. 

AU  the  experiments  were  conducted  with  the  sulphate  of 
Daboisia,  and  the  influence  of  the  drug  on  the  circulation  was 
in  the  main  estimated  by  the  variations  in  blood-pressure  and 
pulse-rate  as  tested  by  the  kymograph  and  recorded  on  the 
revolving  cylinder  along  with  time  signals  from  a  Ludwig's 
dock.  The  experiments  were  performed  while  the  animals  were 
under  the  influence  of  an  anaesthetic,  and  from  the  observations 
of  the  Committee  on  Anaesthetics  of  the  British  Medical  Asso- 
ciation,^ the  anaesthetic  adopted  was  ether.  Contrary  to  the 
experience  of  the  committee,  however,  ether  does  lower  to  a 
certain  extent  the  blood-pressure  in  rabbits.  The  jfall  is  not 
by  any  means  large,  it  only  takes  place  at  the  commencement 
of  anaesthesia,  and  it  can  be  taken  account  of  so  easily  as  to 
cause  no  trouble  in  studying  the  results  of  the  experiments. 

As  soon  as  insensibility  was  induced  a  tracheal  tube  was 
inserted  in  order  to  facilitate  the  maintenance  of  anaesthesia  by 
means  of  etherised  air,  either  by  natural  or  artificial  respiration 
as  the  case  might  be.  The  cannula  was  then  inserted  into  the 
left  carotid  artery,  and  the  drug  afterwards  injected  by  the 
right  jugular  or  left  carotid,  according  as  the  heart  or  nervous 
centres  had  to  be  investigated. 

Eight  experiments  were  performed  on  rabbits  and  several 
more  upon  frogs.  Each  experiment  was  repeated  several  times, 
but  only  one,  a  representative  one,  of  each  kind  is  here  recorded. 
The  series  of  experiments  falls  naturally  into '  the  following 
divisions : — 

I.  The  influence  of  Duboisia  on  the  Circulation  as  a  whole. 
IL  The  influence  of  Duboisia  on  the  Nervous  Mechanism 
controlling  the  Heart  and  Vessels,  including — 

^  Uniermchungen  aw  dem  Physiologiachen  Laboratorium  in  JFUnburg,  i.  Theil, 
8.  26-58,  1867. 

*  Brit  Med.  Joum,  1879,  vol.  i.  pp.  12,  108,  and  921-923,  and  1880,  vol.  ii. 
pp.  957-972;  also  t/oum.  of  AfuU.  and  Phys,  vol  xiii.  pp.  224-231  and 
387-396. 
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1.  The  intra-cardiac  nervous  system. 

2.  The  cardio-inhibitory  nervous  system. 

3.  The  vaso-motor  nervous  system. 

The  accelerator  nerves  have  not  been  taken  up.  The  whole 
subject  is  very  complicated,  and  as,  according  to  Schmiedeberg,^ 
these  nerves  are  apparently  unaffected  by  drugs  which  exercise 
a  powerful  influence  over  the  other  cardiac  nerves,  it  is  in  the 
highest  degree  improbable  that  Duboisia  would  have  the  least 
effect  upon  them. 


L— EXPBBIMBNTS  WITH  DUBOISIA  ON  THE  ClBCULATION  AS 

A  WHOLK 

These  experiments  were  conducted  without  previous  inter- 
ference with  the  vascular  or  nervous  systems.  After  placing 
the  kymograph  in  connection  with  the  left  carotid  artery,  the 
alkaloid  was  introduced  into  the  right  jugular  vein  by  means  of 
a  syringe  and  cannula. 

Experiment  L — One  milligiamme  of  Duboisia  stdphate  in  the  right 

jugular  vein.     No  previous  experiment 

Before  injecting,  Eate  63  in  16",  Pressure  86  mm. 
15"  After        do.  61 


30"  Do.  do.  62 

45"  Do.  do.  63 

1'    0"  Do.  do.  62 

2'    0"  Do.  do.  61 

3'    0"  Do,  do.  63 

4'    0"  Do.  do.  62 

5'    0"  Do.  do.  62 

6'    0"  Do.  do.  62  do.    100 


do. 

92 

do. 

98 

do. 

98 

do. 

94 

do. 

88 

do. 

86 

do. 

94 

do. 

98 

1} 

99 
99 


At  this  point  the  rate  and  pressure  became  constant,  and 
remained  so  until  after  a  little  time  another  experiment  caused 
a  changa 

^  Ludvng's  Arbeiten,  v.  Jahrgang,  s.  41-62. 
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Iijqi)enmeni  TL — ^Two  miUignmmes  of  Duboisia  sulphate  in  the  right 
jugular  yeiiL     Same  rabbit  as  in  previous  experiment 

Before  iigecting,  Bate  60  in  15"",  Pressure  100  mm. 

» 

}9 
99 

W 
99 
99 

From  this  time  no  changes  in  level  of  the  mercury  occurred, 
and  only  slight  differences  in  rate  were  observed. 

ExperimeKt  HL — Five  milligrammes  of  Duboisia  sulphate  in  the 
right  jugular  vein.     No  previous  experiment 

Before  injecting,  Bate  62  in  15^^,  Pressure  112  mm. 


15'  After 

do. 

66 

da 

92 

30"  Do. 

da 

58 

do. 

98 

45'  Do. 

da 

60 

do. 

100 

V    0*  Do. 

da 

60 

da 

102 

2'  C  Do. 

do. 

60 

da 

106 

3'  C  Do. 

da 

68 

do. 

108 

4'  or   Do. 

da 

60 

da 

110 

15" 

After 

do. 

62 

do. 

109 

30" 

Do. 

do. 

61 

do. 

109 

46" 

Do. 

do. 

61 

do. 

112 

1'  0" 

Do. 

do. 

64 

do. 

114 

2'  0* 

Do. 

do. 

64 

da 

116 

3'  0" 

Do. 

do. 

65 

do. 

114 

4'  0' 

Do. 

do. 

64 

do. 

116 

5'  0" 

Da 

do. 

63 

da 

114 

6'  0* 

Do. 

do. 

62 

do. 

109 

6'  45' 

Do. 

do. 

61 

do. 

99 

r    (f 

Do. 

do. 

60 

do. 

108 

8'  0" 

Do. 

do. 

60 

do. 

122 

9'  0" 

Do. 

da 

61 

do. 

122 

10*  0* 

Do. 

do. 

61 

do. 

122 

99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 


Between  six  and  ^even  minutes  after  the  injection  of  the 
drug  the  animal  had  a  severe  tetanic  spasm,  during  the  occur- 
rence of  which  several  oscillations  of  the  blood-pressure  took 
placa  It  does  not  fall  within  the  scope  of  this  paper  to  take 
into  consideration  the  action  of  Duboisia  on  the  nervous  system, 
but  it  may  be  remarked  in  passing,  that  the  drug  causes  in 
mammals  reflex  spasms  and  convulsions  at  an  early  period.  It 
thus  approaches  the  action  of  Atropia  on  the  spinal  nerves,  for 


14  PB  GEORGE  A.  GIBSON. 

■ 

the  latter  alkaloid,  as  has  been  ahown  by  Prot  Thos.  R  Fraser,^ 
indaces  motor  disturbance  in  mammals  before  disablement  of 
the  peripheral  nerves  occurs. 

Experiment  IV. — One  centigramme  of  Duboisia  sulphate  in  the  right 

jugular  vein.     No  previous  experiment 

Before  injecting,  Bate  45  in  15^^,  Pressure  110  mm. 

41 
42 
43 
43 
46 
43 
28      . 

23 
41 
41 
41 
41 
42 

In  this,  as  in  the  preceding  experiment,  the  animal  h^d  con- 
siderable nervous  disturbance.  A  succession  of  severe  spasms 
began  between  two  and  three  minutes  after  the  injection  of  the 
drug,  and  were  accompanied  by  marked  variation  of  rate  as  well 
as  of  pressure. 

Experiment  V. — ^Two  centigrammes  of  Duboisia  sulphate  in  the  right 

jugular  vein.    No  previous  experiment 

Before  injecting,  Bate  59  in  lb",  Pressure  100  mm, 
15"  After        da  48  do.        76 


15" 

After 

do. 

30" 

Do. 

do. 

45" 

Do. 

do. 

1' 

0" 

Do. 

do. 

2' 

0" 

Do. 

do. 

2' 

45" 

Do. 

da 

3' 

0" 

Do. 

do. 

3' 

3" 

Do. 

do. 

3' 

15" 

Do. 

do. 

4' 

0" 

Do. 

do. 

5' 

0" 

Do. 

do. 

6' 

0" 

Do. 

do. 

7' 

0" 

Do. 

do. 

8' 

0" 

Do. 

do. 

do. 

86 

n 

do. 

88 

» 

do. 

90 

» 

do. 

92 

)9 

do. 

98 

99 

do. 

100 

}> 

do. 

76 

jy 

do. 

106 

)l 

do. 

60 

)| 

do. 

>8 

99 

da 

92 

» 

do. 

104 

» 

da 

108 

» 

da 

108 

•  1 

30"  Da  da  50  da  74 

45"  Da  da  52  da  76 

r    0"  Da  da  53  da  80 

2'    0"  Da  da  56  da  88 

3'    0"  Da  da  54  da  96 

4'    0"  Da  da  54  da  100 


99 
V 

>> 

99 


^  Trans.  Hoy.  Soc  Edin.  vd.  zzv.  part  2,  pp.  449-489. 
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This  experiment  was  at  once  succeeded^  at  too  short  an 
interval  perhapSi  by  the  next 

Experiment  VL — Five  centigrammes  of  Duboisia  sulphate  in  the  right 
jugular  vein.     Same  rabbit  as  in  previous  experiment 

Before  injection,  Bate  54  in  15"^  Pleasure  100  mm. 


15*  After 

do. 

41 

do. 

28    . 

30*  Do. 

da 

34 

do. 

14    , 

45*  Do. 

do. 

33 

do. 

14    , 

1'    0"  Da 

do. 

36 

do. 

10    . 

2'    or  Do. 

do. 

— 

do. 

0    , 

Eagperimeni  YII. — One  decigramme  of   Duboisia  sulphate    in  the 
right  jugular  vein.     No  previous  experiment 

Before  injecting,  Bate  60  in  15*  Pressure  122  mm. 


15*  After 

do. 

41 

do. 

34 

30*  Da 

do. 

18 

do. 

30 

45*  Da 

da 

do. 

20 

r    (T  Da 

do. 

do. 

10 

1'  15*  Da 

do. 

do. 

0 

99 


Pausing  at  this  point  of  the  inquiry,  it  will  be  easy  to  draw 
definite  condnsions  from  a  retrospect  of  tiie  work  done  so  far. 
In  the  first  three  experiments  the  drag  cacised  a  considerable 
rise  of  the  blood-pressure  without  appreciable  effect  on  the 
pulse-rate.  There  was  no  initial  sinking  of  the  mercury  in  the 
first  experimenti  but  in  the  second  and  third  it  fell  slightly  on 
injection  before  rising.  The  last  four  experiments  show  that 
doses  of  one  centi^amme  and  upwards  h^ve  a  tendency  to 
reduce  both  the  pulse-rate  and  the  blood-pressura  After  the 
injection  of  one  or  two  centigrammes  the  pressure  falls  con- 
siderably, but  afterwards  rises  to  the  normal  or  nearly  so.  Five 
centigrammes  is  a  lethal  dose,  and  the  pressure  rapidly  sinks  to 
zero,  whUe  the  beats  of  the  heart  become  imperceptible  to  the 
stethoscope.    A  decigramme  causes  death  still  more  quickly. 

The  conclusions  are  obvious.  The  drug  in  small  doses 
increases  the  blood-pressure  without  materially  affecting  the 
constancy  of  the  pulse-rate.  In  larger  doses  it  reduces  both  the 
rate  and  the  pressure,  and  finally  arrests  the  heart  in  a  state  of 
diastole. 


16  DR  GEORGE  A.  GIBSON. 

IL  Experiments  with  Duboisia  on  the  Nervous  Mechanism 

CONTROLLING  THE  HEART  AND  VESSELS. 

1,  ExperimevUs  'upon  the  Intracardiac  Nenxms  System, 

In  the  following  series  of  experiments  the  connections  of  the 
heart  with  the  central  nervous  system  were  severed  in  the 
cervical  region  before  administering  the  Duboisia.  The  tracheal 
tube  was  placed  in  connection  with  the  trachea;  the  cervical 
spinal  cord  was  then  cut  between  the  first  and  second  cervical 
vertebrae,  and  artificial  respiration  commenced.  The  rabbit  was 
next  placed  upon  the  rabbit-frame,  and,  after  section  of  the 
pneumogastric  and  sympathetic  nerves,  the  cannula  was  inserted 
as  usual  into  the  left  carotid  artery.  The  drug  was  introduced 
into  the  right  jugular  vein.  Each  injection  was  only  watched 
for  a  limited  period  of  time,  just  enough  to  permit  the  alkaloid 
to  pass  through  the  lungs  and  reach  the  utmost  terminations  of 
the  coronary  system. 

All  of  these  experiments  have  yet  to  be  repeated  on  the  heart 
of  the  frog  after  the  method  of  Boy. 

Experiment  VIIL — One  milligramme  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Cord,  vagi,  and  eympathetics  cut  Ko 
previous  experiment. 

Before  injection,  Bate  50  in  15",  Pressure  28  mnL 


15"  After 

do. 

50 

30"  Do. 

do. 

50 

45"  Do. 

do. 

50 

1'  0"  Do. 

do. 

50 

2'  0"  Do. 

do. 

50 

do. 

28 

do. 

28 

do. 

28 

«« 

do. 

28 

do. 

26 

Etperiment  IX«^Five  milligrammes  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Cord,  vagi,  and  sympathetics  cut  Same 
rabbit  as  in  previous  experiment 

Before  injection,  Bate  50  in  15",  Pressure  28  mm.  * 

» 


15"  After 

do. 

46 

do. 

32 

30"  Do. 

do. 

48 

do. 

28 

45"  Do. 

do. 

48 

do. 

28 

V    0"  Do. 

do. 

46 

do. 

28 

2'  0"  Do. 

do. 

46 

do. 

28 
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Mt^perimeat  X. — One  centigramme  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Cord,  vagi,  and  sympathetics  cut.  Same 
rabbit  as  in  previouB  experiment 

Before  injection,  Rate  46  in  15",  Pressure  28  mm. 


15'  After 

do. 

46 

do. 

25  , 

30'  Do. 

do. 

46 

do. 

25  , 

45'  Do. 

do. 

45 

do. 

26  , 

1'  0'  Do. 

do. 

45 

do. 

27  , 

2'  0*  Do. 

do. 

45 

do. 

28  „ 

Experiment  XI. — Five  centigrammes  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Cord,  vagi,  and  sympathetics  cut  Same 
rabbit  as  in  previous  experiment 

Before  injection,  Bate  45  in  15",  Pressure  30  mm. 


15'  After 

do. 

41 

do. 

24  , 

30'  Do. 

do. 

42 

do. 

26  , 

45'  Do. 

do. 

44 

do. 

28  , 

V    0'  Do. 

do. 

44 

do. 

26  , 

1'  30'  Do. 

do. 

46 

do. 

26  , 

All  these  experiments  were  performed  on  the  same  animal. 
We  have  already  seen  that  Duboisia  has  little,  if  any,  influence 
upon  the  rate  of  the  heart's  action  when  all  thp  nervous  con- 
nections are  intact  It  has,  as  might  well  be  expected,  just  as 
little  when  injected  towards  the  heart  with  its  nervous  connec- 
tions severed.  The  decided  action  of  the  drug  on  the  blood- 
pressure  in  the  unaltered  circulation  strongly  contrasts  with  its 
influence  on  the  arterial  pressure  after  isolation  of  the  heart, 
when  the  arterial  system  also  is  separated  from  the  control  of 
the  general  vaso-motor  centre.  In  this  series  of  experiments 
such  doses  of  the  drug  as  were  used  appear  to  be  almost  desti- 
tute of  any  influence  over  the  blood-pressura  With  a  dose  of 
one  milligramme  there  is  no  change  in  its  amount.  After  the 
injection  of  five  milligrammes  there  is  a  rise  of  six  millimetreis, 
followed  by  a  fall  nearly  to  the  initial  pressure.  One  centi- 
gramme produces  diminution  of  the  pressure  and  a  subsequent 
rise  to  the  previous  level ;  and  finally,  after  five  centigrammes, 
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there  is  a  fall  of  six  millimetres,  succeeded  by  a  rise  nearly  to 
the  former  level. 

From  these  facts  we  may  conclude  that  Duboisia  diminishes 
the  pulse-rate,  and  in  small  doses  causes  a  rise,  in  larger  doses  a 
fall,  of  the  arterial  pressure.  The  results  of  former  experiments 
have  shown  that  the  largest  doses  stop  the  heart  in  diastole,  and 
therefore  must  destroy  the  functions  of  the  cardiac  ganglia  and 
muscle. 

2.  ExperimeTUs  upmi  the  Cardio-inhibitory  N&nxms  System. 

The  influences  of  Duboisia  on  the  pneumogastric  nerves  has 
been  investigated  in  three  ways.  In  the  first  place,  by  injecting 
the  drug  towards  the  brain,  by  means  of  the  carotid  artery,  its 
action  on  the  origin  of  the  nerves,  or  the  inhibitory  centres,  has 
been  tested.  Secondly,  the  effect  of  the  drug  on  the  cardiac 
terminations  of  the  vagi  has  been  studied  by  means  of  injec- 
tions towards  the  heart.  Thirdly,  the  influence  of  Duboisia 
on  the  circulation  after  section  of  the  pneumogastric  nerves 
has  been  compared  with  the  results  of  its  administration, 
without  removal  of  the  regulator  functions.  In  analysing  the 
results  obtained  by  all  these  methods  of  inquiry,  however,  it  is 
necessary  to  bear  in  mind  the  well-known  fact  that  the  normal 
restraining  influence  of  the  vagi  is  very  slight  in  the  rabbit  as 
compared  with  many  other  animals ;  in  fact,  it  is  very  often  in 
complete  abeyance. 

a.  The  experiments  upon  the  origin  of  the  pneumogastric 
nerves  only  differed  from  the  first  series  described  in  this,  that 
the  caimula  to  be  afterwards  connected  with  the  -syringe  was 
inserted  into  the  peripheral  part  of  the  left  carotid  artery  instead 
of  the  central  part  of  the  right  jugular  vein.  It  is  only  neces- 
sary to  detail  one  experiment. 

Experiment  XII. — Five  milligrammes  of  Duboisia  sxilphate  in  the  left 

carotid  artery.     No  previous  experiment 

Before  injection,  Rate  63  in  15",  Pressure  120  mm. 
3"  After        do.  65  do.      122     „ 

6"  Do.  do.  50  do.      118    „ 


THE  ACTION  OJ  DtJfiOISIA  ON  Tfifi  CIRCULATION.  13 

9*  After  injectioii,  Bate  45  in  15^  Pressuie  112  mm. 


12'  Do. 

do. 

60 

do. 

110 

IS''  Do. 

do. 

65 

do. 

112 

18'  Do. 

da 

65 

do. 

114 

21"  Do. 

do. 

65 

do. 

116 

24'  Do. 

do. 

65 

do. 

118 

36'  Do. 

do. 

65 

do. 

120 

48'  Do. 

do. 

65 

do. 

120 

1'  or   Do. 

do. 

65 

do. 

120 

1} 


In  this  experiment  there  is  quite  a  remarkable  diminution  in 
the  rate  of  the  heart's  action  immediately  succeeding  the  intro- 
duction of  the  drug.  It  is  attended  by  a  fall  of  arterial  pressure 
more  gradual  in  character.  The  former  attains  its  minimum 
rate  about  nine  seconds  after  injection;  the  latter  falls  to  its 
lowest  level  about  twelve  seconds  after  injection.  The  lowering 
is  only  transient,  being  speedily  succeeded  by  a  very  rapid 
return  to  the  normal  rate  of  pulse,  and  by  a  much  more  gradual 
rise  to  the  normal  pressure.  The  explanation  of  these  facts 
appears  to  be  simple.  The  primary  effect  following  injection  at 
once  is  a  stimulation  of  the  regulator  centres  or  the  origin  of 
the  vagus  nerves.  This  shows  itself  by  increased  inhibition,  in 
consequence  of  which  the  slowing  as  well  as  the  fall  is  brought 
about.  But  at  that  period  of  time  when  the  drug  has  just 
reached  the  heart  and  completed  the  pulmonary  circuit,  the 
inhibitory  influence  is  succeeded  by  something  causing  a  return 
to  former  conditions.  It  has  been  shown  by  von  Bezold  and 
Bloebaum  that  atropia  paralyses  the  cardiac  terminations  of  the 
vagi ;  and  the  simplest  explanation  of  this  abrupt  cessation  of 
inhibition  is  that  Duboisia,  in  so  many  other  respects  closely 
resembling  Atropia,  has  the  same  action,  and  suspends  the 
influence  of  the  cardio-inhibitory  apparatus  by  paralysis  of  the 
cardiac  ends  of  the  vagi. 

h  The  experiments  about  to  be  described  form  a  very  definite 
and  exact  source  of  information.  After  applying  the  kymo- 
graph the  vagi  were  cut  in  the  neck.  The  peripheral  portion  of 
the  right  vagus  was  then  laid  upon  ordinary  metallic  electrodes 
connected  with  the  secondary  coil  of  a  Du  Bois-Beymond's 
induction  apparatus,  driven  by  a  medium-sized  bichromate 
element.    An  electric  stimulus  was  given  in  this  way  to  the 
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cardiac  end  of  the  divided  nerve,  which  served  to  show  the 
extent  of  inhibition  which  was  caused.  A  dose  of  Duboisia  was 
then  injected  into  the  right  jugular  vein,  and  the  electric 
stimulus  again  given,  for  comparison  of  its  effects  with  the 
result  following  stimulation  before  the  administration  of  the 
alkaloid.    The  details  of  the  experiments  are  as  follows : — 

Experimmt  XIII.— One  milligramme  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Stimulation  of  the  right  vagus.  No 
previous  experiment 

Before  section  of  vagus,  Rate  64  in  16",  Pressure  106  mm. 

16' After  do.  do.  64                  do.         86 

30"  Do.  do.  do.  65                  do.         97 

45"  Do.  do.  do.  66                  do.       102 

r    0'   Do.  do.  do.  67                   do.         95 

r  15"  Do.  do.  do.  67                  do.         90 

1'30"  Do.  do.  do.  65                  do.         86 

r  34"  Do.  do.  do.  Nerve  stimulated, 

r  35"  Do.  do.  do.  Rate  20  in  15",  Pressure    50 

r  40"  Do.  do.  do.  Current  stopped. 

1'  45"  Do.  do.  do.  Rate  65  in  15",  Pressure    76 

2'    0"  Do.  do.  do.  66                  do.         90 

2'  15"   Do.  do.  do.  67                  do.         96 

2'  15"  Do.         .  do.  do.  Drug  injected. 

2'  30"  Do.  do.  do.  Rate  64  in  15",  Pressure    96 

2*  45"  Do.  do.  do.  69                  do.       100 

2'  45"  Do.  do.  do.  Nerve  again  stimulated. 

3'    0^  Do.  do.  do.  Rate  67  in  15",  Pressure  102     „ 

The  nerve  was  stimulated  after  section  with  the  secondary 
coil  separated  from  the  primary  by  a  distance  of  eighty  milli- 
metres. After  injecting  the  Duboisia,  the  same  strength  of 
current  was  used ;  but  when  no  response  followed,  the  secondary 
was  approximated  to  the  primary  coil,  in  order  to  derive  the 
strongest  possible  stimulus.  It  was  of  absolute  inutility,  as  the 
tracing  showed.  It  appeared  to  be  of  interest  to  discover 
whether  a  still  smaller  quantity  of  the  drug  than  that  used 
above  might  have  sufficient  power  to  paralyse  the  cardiac 
terminations  of  the  vagi,  and  the  next  experiment  was  performed 
to  determine  this  point. 
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Esqperiment  XIV. — ^One-tenih  of  a  milligramme  ot  Daboisia  huI- 
phate  in  the  right  jugular  vein.  Stimulation  of  the  right 
vagus.    No  previous  experiment. 


Before 
16' After 
30'  Do. 
45'  Do. 

1'  V  Do. 

1'  11'  Da 

V  15'  Da 
r  16'  Da 
1'  30'  Da 

V  45'  Da 
r45'  Da 
2'  0'  Da 
2' 15'  Da 
2'  15'  Da 
2'  30*  Da 


section,  Bate  80  in  15",  Pressure  135  mm. 

da  80                   da      130 

f 

da  80                   da      126 

da  80                  da      127 

da  80                  da      127 

da  Nerve  stimulated. 

da  Bate  33  in  15';  Pressure    75 

do.  Current  stopped. 

da  Bate  78  in  15',  Pressure  124 

da  78                  da      126 

do.  Drug  injected. 

da  Bate  77  in  15',  Pressure  132 

da  .    78                  da      135 

do.  Nerve  again  stimulated. 

da  Bate  78  in  15',  Pressure  135 


I 


The  same  result  therefore  followed  the  administration  of 
O'OOOl  gramme  of  Duboisia  sulphate  as  that  which  has  been 
shown  above  to  result  from  O'OOl  gramme. 

Duboisia  thus  possesses  a  specific  action  on  the  p^pheral 
inhibitory  apparatus,  which  is  brought  into  a  state  of  paralysis 
probably  more  rapidly  by  this  drug  than  by  any  other.  Only 
thirty  seconds  were  allowed  to  elapse  between  the  injection  of 
the  Duboisia  and  the  stimulation  of  the  nerve,  yet  this  was 
quite  sufficient  for  even  so  minute  a  dose  as  the  tenth  of  a 
milligramme. 

c  From  a  knowledge  of  the  facts  just  detailed,  it  would 
naturally  be  expected  that  after  section  of  the  vagi  Duboisia 
would  produce  less  change  in  the  working  of  the  circulation 
than  when  administered  without  previous  elimination  of  the 
inhibitory  influence.  It  is  so  sometimes, — not  always ;  for  the 
caution  previously  given  must  be  borne  steadUy  in  view  that 
the  normal  inhibitory  influence  in  the  rabbit  is  at  all  times 
slight,  and  often  absent.  Even  in  the  few  experiments  detailed 
in  this  paper  mai'ked  contrasts  are  presented  as  the  results  of 
division   of  the   vagi;  in  some  cases  the  rate  and  pressure 
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respectively  rise  and  fall ;  others  show  the  converse,  i.e,,  the  rate 
diminishes  while  the  pressure  is  angmented ;  and  yet  again  in 
others  both  rate  and  pressure  appear  but  little  affected.  In  an 
animal  whose  regulator  mechanism  is  dormant  the  introduction 
of  a  substance  which  paralyses  the  cardiac  terminations  of  the 
pneumogastric  will  have  the  same  result  whether  the  paths  of 
inhibitory  mandates  be  intact  or  severed.  If,  on  the  contrary, 
the  circulation  is  more  or  less  under  the  control  of  the  inhibi- 
tory nerves  there  will  be  a  difference  according  as  the  nerves 
are  or  are  not  divided.  For  these  reasons  little  stress  can  be 
laid  upon  any  facts  drawn  from  administration  after  section  of 
the  nerves. 

As  a  matter  of  experience,  however,  the  changes  of  pressure 
following  injection  of  the  drug  after  division  of  the  nerves  have 
never  been  so  great  as  those  caused  by  the  alkaloid  without 
such  section.  This,  of  course,  only  tells  us  that  the  greatest 
results  follow  the  administration  of  Duboisia  when,  in  addition 
to  its  action  on  other  factors  shortly  to  be  discussed,  the  drug 
paralyses  an  existing  degree  of  cardiac  inhibition. 

3.  Experiments  vpon  the  Vaso-motor  Nervous  System. 

a.  The  method  adopted  to  investigate  the  action  of  Duboisia 
on  the  vaso-motor  centres  was,  in  the  first  place,  to  divide  the 
pneumogastric  nerves  in  the  neck,  so  that  there  could  be  no 
inhibitory  disturbances,  and  afterwards  to  inject  the  drug  into 
the  peripheral  part  of  the  carotid  artery. 

Experiment  XV. — Five  milligrammes  of  Duboisia  sulphate  in  the 
left  carotid  artery.  Previous  division  of  the  vagi  No  pre- 
vious experiment. 

Before  injection,  Eate  46  in  IS'',  Pressuie  54  mm. 


3"  After 

do. 

do. 

70  „ 

6'  Do. 

do. 

do. 

74  „ 

16"  Do. 

do. 

50 

do. 

68  „ 

30'  Do. 

do. 

50 

do. 

78  „ 

45"  Do. 

do. 

50 

do. 

80  „ 

r  0"  Do. 

do. 

50 

do. 

82  „ 

r  30^  Do. 

do. 

50 

do. 

84  „ 

THE  ACTION  OF  DUB0I8IA  ON  THE  CIRCT7LATI0N.  23 

An  instantaneous  and  considerable  rise  of  pressure,  accom* 
panied  by  slight  quickening  of  the  rate  of  pulsation,  occurred  on 
injection,  and  before  the  drug  could  reach  the  heart.  The  increase 
of  pressure  was  laige,  the  column  of  mercury  ninety  seconds  after 
administration  being  rather  more  than  one  and  a  half  times  as 
laige  as  previous  to  injection. 

Eaeperiment  XVI. — One  centigramme  of  Duboisia  sulpliate  in  the 
left  carotid  arteiy.  Previous  division  of  the  vagi.  Same 
rabbit  as  in  last  experiment 

Before  injection,  Bate  50  in  \b''y  Pressure  84  mm. 


3"  After 

do. 

do. 

94 

6'  Da 

da 

do. 

104 

16"  Do. 

do. 

48 

do. 

76 

30'  Do. 

do. 

48 

do. 

86 

45'  Do. 

do. 

48 

do. 

86 

V    0"  Do. 

do. 

48 

do. 

84 

1'  30"  Do. 

do. 

50 

do. 

78 

>9 
)> 

» 


During  the  first  six  seconds  the  rise  of  pressure  was  exactly 
equal  to  that  of  the  same  period  in  the  previous  experiment ; 
but  this  was  immediately  succeeded  by  a  faU.  The  pulse-rate 
showed  a  slight  diminution. 

Experiment  XYIl. — Five  centigrammes  of  Duboisia  sulphate  in  the 
left  carotid  artery.  Previous  division  of  the  vagL  Same 
rabbit  as  in  the  last  experiment 

Before  injection,  Rate  50  in  15",  Pressure  80  mm. 

This  experiment  showed  a  still  greater  downward  tendency, 
the  initial  rise  of  pressure  even  being  small. 

From  these  experiments  there  can  be  no  doubt  that  Duboisia 
has  a  stimulating  effect  on  the  vaso-motor  centres,  by  means  of 


3"  After 

do. 

— 

do. 

86 

6"  Da 

do. 

do. 

86 

15^  Da 

do. 

49 

do. 

76 

30"  Da 

do. 

49 

do. 

72 

45"  Da 

do. 

51 

do. 

72 

1'    0"  Da 

do. 

52 

da 

66 

r  30"  Da 

do. 

52 

do. 

62 
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which  the  blood-pressure  is  increased.  This  is  the  primary 
effect  of  the  few  seconds  immediately  following  injection  of  all 
doses;  but  the  final  result  depends  upon  the  amount  of  the 
drug  administered  When  the  quantity  is  small  there  is  a 
permanent  rise  of  pressure ;  when,  on  the  contrary,  it  is  large,  a 
decidedly  lowering  effect  is  produced.  The  quantity  required  to 
show  fchis  downward  tendency  is  just  about  the  same  as  that 
shown  to  cause  a  fall  in  the  first  series  of  experiments,  i.e., 
between  five  miUigrammes  and  one  centigramme. 

In  order  to  study  the  manner  in  which  the  rise  of  pressure 
occurs,  the  web  of  the  frog's  hind  foot  has  been  repeatedly 
examined  with  the  greatest  care.  In  doing  this,  however,  the 
investigation  was  approached  with  a  decided  bias.  After  know- 
ing from  the  experiments  just  described  that  the  pressure  under- 
goes augmentation  on  the  injection  of  Duboisia  towards  the 
vaso-motor  centres,  it  was  only  natural  to  expect  a  diminution 
in  the  size  of  the  arterioles.  It  is  well  to  confess  this,  that  it 
may  be  distinctly  understood  how  difficult  it  has  been  to  be 
absolutely  certain  beyond  all  question  that  it  was  not  merely  a 
reflection  of  what  was  expected  which  was  seen. 

After  the  injection  of  any  quantity  of  Duboisia  not  exceeding 
five  milligrammes  into  the  cellular  tissue  of  the  frog,  there  is 
a  contraction  of  the  arterioles  of  the  web ;  with  doses  above  a 
centigramme  there  is,  on  the  contrary,  a  diminution  of  their 
calibre. 

Ko  absolute  weight  can  be  allowed  to  these  observations.  In 
such  investigations,  where  the  changes  in  the  size  of  the  vessels 
are  so  small,  there  is  always  too  much  room  for  the  play  of  the 
imagination.  The  testimony  of  the  experiments  lately  described, 
however,  is  amply  sufficient  to  prove  that  Duboisia  has  a  clear 
and  definite  action  on  the  vaso-motor  centres. 

Before  leaving  this  part  of  the  subject  it  should  be  stated  that 
the  rise  following  the  injection  of  Duboisia  towards  the  brain 
cannot  be  attributed  to  psychical  disturbance.  In  this  series  of 
experiments,  as  in  all  the  others,  the  animals  were  in  a  uniform 
condition  of  anaesthesia,  and  gave  no  indication  of  nervous 
irritation. 

b.  The  rabbit's  ear  affords  an  admirable  subject,  by  means  of 
which  the  influence  of  Duboisia  on  the  sympathetic  nervous 
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system  can  be  stadied ;  for  comparison  of  the  efifeots  of  stimula- 
tion of  the  divided  iierve  in  the  neck  before  and  after  adminis- 
tration of  the  drag  shows  whether  any  alteration  is  caused  by 
its  nse. 

ExpertMent  XYUL — ^flve  miUigiaiames  of.Duboisia  sulphate  ia 
the  right  jugular  vein.  Stunulation  of  the  sympathetic  in  the 
neck.     'So  previous  experiment 

The  right  sympathetic  nerve  of  a  rabbit  was  divided  in  the 
neck,  the  other  being  left  intact  for  the  purpose  of  comparison. 
The  right  ear  at  once  became  markedly  hyperaemic,  and  formed 
a  decided  contrast  to  the  left.  The  upper  end  of  the  divided 
nerve  was  then  stimulated  by  means  of  the  induced  current. 
As  in  previous  experiments,  the  primary  current  was  from  a 
medium-sized  bichromate  cell,  and  the  secondary  was  separated 
from  the  primary  coil  by  a  distance  of  thirty  millimetres.  The 
right  ear  paled  at  once,  and  on  the  cessation  of  the  current  a 
vivid  flush  again  overspread  the  ear.  The  drug  was  then 
injected,  and  five  minutes  afterwards  the  nerve  was  again 
stimulated.  Pallor  of  the  ear  resulted  just  as  before,  demon- 
strating beyond  question  that  Duboisia  has  no  tendency  in 
small  doses  to  destroy  the  functions  of  the  sympathetic  nerves. 
Another  rabbit  was  used  to  study  the  effects  of  larger  doses. 

Experimefot  XTX. — Two  centigranmies  of  Duboisia  sulphate  in  the 
right  jugular  vein.  Stimulation  of  the  sympathetic  in  the 
neck.     No  previous  experiment 

The  various  steps  in  this  experiment  differed  in  no  respect 
from  those  just  described,  and  the  results  were  precisely  the 
same.     It  is  quite  unnecessary,  therefore,  to  detail  them. 

These  experiments  conclusively  prove  that  Duboisia  has  no 
paralysing  action  on  the  sympathetic  nerve  in  any  part  of  its 
course;  but  they  leave  it  open  to  question  whether  the  drug 
may  not  have  a  tendency  to  heighten  the  excitability  of  the 
nerve,  and  augment  its  action  upon  the  smaller  branches  of  the 
arterial  systenL 

Such  are  the  methods  of  observation  pursued,  and  the  results 
obtained,  in  this  investigation  into  the  action  of  the  alkaloid  of 
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the  Pitori  plant  The  inquiry  is  not  yet  by  any  means  com- 
plete ;  but,  as  an  abstract  of  the  work  was  sent  up  in  Apnl  of 
this  year  to  the  International  Medical  Congress,  and  as  the  paper 
was  read  there  in  August,  the  results  obtained  so  far  must  now 
be  put  forward  with  the  proviso  that  certain  parts — as,  for  in- 
stance, the  observations  on  the  cardiac  ganglia — ^need  amplifica- 
tion and  revision. 

Finally,  the  author  would  record  his  great  obligations  to  Pro- 
fessors Thos.  R  Eraser  and  Rutherford  and  to  Drs  Birch, 
Cunningham,  Hay,  and  Haycraft,  for  constant  and  unwearied 

help  of  every  kind. 

Conclusions. 

1.  Duboisia  in  quantities  not  exceeding  0*005  gramme  raises 
the  arterial  blood-pressure  without  materially  affecting  the 
pulse-rate. 

2.  In  quantities  not  exceeding  0*05  gramme  it  diminishes  the 
blood-pressure  and  lessens  the  pube-rate. 

3.  In  quantities  of  0*05  and  upwards  it  causes  death,  with  the 
heart  in  a  state  of  diastole. 

4.  Upon  the  heart  itself  Duboisia  has  but  little  action,  except 
in  very  large  doses,  i,e.,  doses  of  more  than  0*05,  and  then 
it  causes  arrest  of  the  heart  in  diastole. 

5.  Duboisia  stimulates  the  central  inhibitory  mechanism. 

6.  The  alkaloid  paralyses  the  peripheral  inhibitory  apparatus. 

7.  Duboisia  stimulates  the  central  vaso-motor  apparatus,  and 
causes  contraction  of  the  arterioles  in  small  doses ;  in  large  doses 
it  lowers  the  activity  of  the  central  vaso-motor  mechanism  and 
dilates  the  arterioles. 

8.  Duboisia  has  no  influence  over  the  sympathetic  nerve. 


ON  THE  CEEEBRAL  SINUSES  AND  THEIR  VARIA- 
TIONS.   By  J.  F.  Knott,  F  JI.C.&L 

• 

The  peculiarities  in  the  cerebral  circulation  are  so  numerous 
and  striking  as  to  be  obvious  even  to  the  most  superficial 
observer.  The  most  prominent  were  known  to  the  older  ana- 
tomists, but  it  is  not  a  little  remarkable  how  imperfectly  they 
must  have  been  examined,  as  some  of  the  mistakes  which  are 
gravely  put  forward  in  their  descriptions  are  absolutely  ludicrous 
when  read  by  the  light  of  our  present  knowledge. 

The  veins  of  the  brain  being  of  large  size  and  superficially 
situated  at  once  meet  the  eye  of  the  anatomist,  and  require 
comparatively  little  trouble  for  an  investigation  of  their  course. 
The  most  obvious  peculiarities  presented  by  these  vessels  when 
contrasted  with  the  various  canals  of  the  other  parts  of  the  body 
are:  the  looseness  of  their  connections  with  the  surrounding 
tissues ;  their  taking  a  course  completely  separate  from  that  of 
the  arteries ;  and  their  terminations  jtfi  the  peculiar  dura-matral 
canals,  into  which  they  pass  (at  least  in  the  (pa^e  of  the  large 
proportion  which  open  into  the  superior  longitudinal  sinus)  in  a 
direction  opposed  to  that  of  the  current  within  the  receiving  vesseL 
The  absence  of  valves  is  a  characteristic  which  they  possess  in 
common  with  most  of  the  veins  of  the  other  cavities  of  the  body. 

The  sinuses  or  dura-matral  canals  which  receive  the  cerebro- 
meningeal  veins  were  described  with  considerable  accuracy  by 
Gralen,  and  it  is  curious  to  find  that  Vesalius,  in  times  com- 
paratively modern,  and  with  better  opportunities  for  examina- 
tion of  the  human  body,  should  have  retrograded  so  much  as  to 
contradict  Gralen's  account  by  asserting  that  the  sinuses  received 
arteries  as  well  as  veins,  and  that  a  pulsation  was  transmitted 
from  the  former.  The  mistake  of  Vesalius  was  refuted  by 
Fallopius,  but  again  revived  and  adopted  by  Vieussens,  Wepfer, 
and  other  anatomists  of  this  period,  who  were  imposed  upon 
by  the  facility  with  which  injected  fluid  passed  from  the  arteries 
into  the  sinuses.  The  minute  and  careful  dissections  of  Albinus 
with  the  microscopic  observations  of  lieuwenhoek,  finally 
settled  the  question,  and  established  the  origin  of  the  veins  from 
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the  capillaries  at  the  termination  of  the  arteries,  in  a  way  similar 
to  the  arterio- venous  connection  in  other  parts  of  the  body. 

These  venous  channels  are  peculiar  in  their  outline,  the 
deficiency  of  muscular  and  scantiness  of  elastic  fibres  in  their 
walls,  the  absence  of  valves,  the  presence  of  tendinous  strings, 
and,  in  some  situations,  of  Pacchionian  excrescences  in  th^ 
interior,  and  the  contrariety  of  direction  of  a  large  proportion  of 
their  chief  tributaries. 

These  blood-channels  lie  in  the  thickness  of  the  dura  mater, 
and  are  lined  by  a  layer  of  endothelial  cells  prolonged  from  the 
internal  membrane  of  the  arteries  and  capillaries.  Outside  this 
is  a  thin  layer  of  elastic  fibres  longitudinally  arranged,  whQe 
the  remaining  thickness  of  the  coats  is  formed  by  the  dura 
mater  itself.  In  case  of  the  greater  number  one  part  of  the 
circumference  of  the  vessel  corresponds  to  the  bone  which  is 
grooved  for  its  acconmiodation.  The  layer  of  dura-matral  fibres 
which  lies  next  the  lumen  of  the  canal  is  in  most  cases 
longitudinally  arranged,  while  a  circular  layer  surrounds  these, 
or,  in  many  instances,  a  series  of  layers  of  circular  and 
longitudinal  bundles,  which  are  exceptionally  poor  in  yellow 
fibres.  The  individual  and  local  varieties  observable  in  the 
structure  of  the  walls  of  the  sinuses  are  very  numerous,  so  that 
the  description  just  given  can  only  be  regarded  as  that  of  the 
prevailing  arrangement.  A  marked  internal  peculiarity  is  found 
in  the  existence  of  the  so-called  Chords  WUlisii  which  cross 
'the  lumen  of  some  of  these  canals — ^the  superior  longitudinal, 
the  cavernous,  and  the  lateral  In  the  first-mentioned  canal 
these  form  pretty  strong  tendinous  cords ;  in  the  other  sinuses 
they  present  a  softer  consistence  and  reddish  colour.  From  the 
walls  and  Willisian  cords  of  the  cavernous  sinuses  little  club- 
shaped  villous  processes  project  into  the  interior  of  its  cavity 
(Hyrtl).  There  are  some  of  about  2  millimetres  in  length,  and 
a  much  greater  number  of  about  half. 

The  greater  proi)ortion  of  the  veins  from  the  convexity  of  th« 
cerebral  hemispheres  enter  the  superior  longitudiaal  sinus,  and 
present  the  remarkable  peculiarity  that  the  direction  of  the 
majority  is  the  reverse  of  that  of  the  current  of  blood  within  the 
sinus  itself.  These  veins,  of  which  there  are  about  twelve  to  fifteeu 
on  each  side,  pass  obliquely  backwards,  and,  as  Lower  long  ago 
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observed,  in  most  instances  (althoagh  there  are  always  a  few 
exceptions),  they  pass  obliquely  between  the  walls  of  the  sinus 
before  opening  into  it  like  the  termination  of  the  gall-duct  in 
the  intestine  or  the  ureters  in  the  bladder.  Ridley  asserted  that 
one-half  of  the  tributaries  of  the  sinus  longitudinalis  superior 
opened  backwards. 

Small  masses  of  areolar  tissue  connect  the  pia  mater  to  the 
dura  mater  for  a  little  distance  around  the  termination  of  each 
of  these  veins,  and  this  connection  arrested  the  attention  of 
many  of  the  older  anatomists.  Sidley  calls  them  **camous 
adnescences"  Yicq  d*Azyr  confounds  them  with  the  glandule 
Pacchioni  Sir  Charles  Bell  thus  describes  the  intermembranous 
connection :  "  it  is  not  a  simple  adhesion  of  the  pia  mater  and 
dura  mater ;  but  a  white  spongy  substance  seems  to  connect 
and  strengthen  them,  and,  when  torn  asunder,  it  leaves  a  soft 
fatty  kind  of  roughness  upon  the  pia  mater."  Other  small 
elevations  or  thickenings  appear  here  and  there  along  the 
falx  cerebri,  at  or  near  the  wall  of  the  superior  longitudinal 
sinus,  but  they  are  not  constant  or  regular.  Both  these  and 
the  other  spongy  masses  above  mentioned  have  been  erroneously 
included  under  the  name  of  glandulse  Pacchioni  The  structures 
which  Pacchioni  specially  described,  and  which  engaged  him  in 
a  series  of  violent  disputes  with  Fautonus,  aie  situated  within 
the  cavity  of  the  superior  longitudinal  sinus,  and  connected  with 
the  openings  of  the  veins.  He  says  of  them  '*  ovorum  instar 
bombycinorum  apparent,"  which  describes  their  peculiarity  of 
shape ;  he  also  notices  their  pale  fleshy  colour,  which  he 
attributed  to  an  investment  of  muscular  fibres.  "In  longitu- 
dinale  sinu,  immediate  sub  membranosis  expansionibus,  in 
areolis  chordarum  Willisianarum,  quin  et  supra  easdem  chordas> 
consitffi  sunt  innumerse  glandulaa  conglobatse,  propria,  et 
teauissima,  membrana,  veluti  in  sacculo  conclusse;  quae  race- 
matine  ut  plurimum  coeunt;  raro  sparsine  disponuntur:  hsQ 
glandulse  utrinque  ad  latera  falcis  messoriae,  ab  ejusdem  apice 
ad  basis  usque  posticam  partem  miro  prope  modum  artificio 
procedentes,  dorso  laeertorum  accumbunt,  et  partim  ab  horum 
fibris,  partim  ab  iis  quae  a  chordis  emergunt,  firmantur,  atque 
invicem  alligantur,  ita  at  non  msi  lacerat  acu  disjungi  possint." 
Pacchioni  believed  that  the  ducts  of  these  glandular  bodies 
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passed  to  the  pia  mater,  and  conveyed  a  secretion  which  lubri- 
cated the  surface  of  the  brain.  He  also  suggested  that  they  were 
pressed,  and  their  secretion  promoted,  by  the  motion  of  the  chordse 
WillisianaB  and  the  action  of  the  dura  mater.  Fautonus,  who 
opposed  Pacchioni's  views  so  strongly,  was  of  opinion  that  they 
gave  out  a  fluid  into  the  sinus  which  diluted  the  venous  blood. 

Sir  Charles  Bell  suggested  ''  that  they  had  a  valvular  action 
on  the  mouths  of  the  veins ;  they  project  from  the  mouths  of 
the  veins  in  the  sinus,  and  the  blood  passing  from  the  veins 
must  filter  through  them,  and  be  checked  in  its  retrograde 
course."  It  is  unnecessary  to  add  that  these  views  can  now  be 
of  interest  only  to  those  who  are  curious  to  be  skilled  in  the 
legendary  lore  of  anatomical  literature. 

Turning  to  the  consideration  of  the  anatomical  arrangement  of 
the  sinuses  themselves,  which  forms  the  more  immediate  subject 
of  this  communication,  we  shall  take  as  the  starting-point  the 
confluens  sinuuniy  or  so-called  toronlar  Eeropliili»  to  which  the 
great  bulk  of  the  intracranial  blood  is  conveyed  before  it  takes 
its  definite  downward  course  to  the  foramina  of  exit  at  the  base 
of  the  skull.  This  cavity  forms  the  point  of  union  of  the  lateral, 
straight,  occipital,  and  superior  longitudinal  sinuses,  and  is 
placed  at  the  crucial  spine  of  the  occipital  bone,  in  the  majority 
of  cases  inclining  a  little  more  to  the  right  side.  Of  those  which 
I  specially  examined,  twenty-seven  specimens  of  forty-four  were 
more  to  the  right  side,  eight  were  mesial  in  position,  nine  had 
a  slight  inclination  to  the  left  It  forms  an  irregular  cavity, 
the  walls  of  which  are  mutually  connected  by  strong  Willisian 
chords.  The  ancient  anatomists,  ignorant  of  the  true  direction 
of  the  circulating  blood,  believed  that  the  vital  fluid,  previous  to 
passing  into  the  brain,  here  underwent  some  mysterious  process 
of  elaboration,  by  which  it  was  specially  prepared  for  the  nutri- 
tion of  this  important  organ.  ''  Coeuntes  autem  in  vertice  capitis, 
quae  sanguinem  deducunt  meningis  duplicaturae,  in  locum  quon- 
dam vacuum  quasi  cisternam  (quem  sane  ob  id  ipsum  Hierophilus 
tormlar  solet  nominare),  inde  velut  ab  arce  quadam  omnibus 
subjectis  partibus  vivos  mittunt ;  quorum  numerum  nemo  faecile 
dixerit,  quod  partium  nutiiendarum  numerus  sit  infinitur 
(Galen,  cap.  vi.  De  torcular). 

The  right-sided  inclination  of  the  torcular  Herophili^  as  well 
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as  the  usually  larger  size  of  the  right  lateral  sinus^  were  attri- 
buted by  Lower,  in  comparatively  modem  times,  to  the  practice 
generally  recognised  among  nurses  of  usually  laying  children  on 
the  right  side. 

Other  names  which  the  imaginative  nomenclature  of  the  old 
anatomists  has  furnished  to  this  venous  cavity  are  lacuna,  plaiea, 
laguneulay  pelvis,  polmeTUum,  tertia  vena^  &c. 

In  the  following  notes  the  normal  arrangement  is  compared 
with  the  variations  observed  in  forty-four  cases,  in  which  the 
sinuses  were  carefully  dissected : — 

Sinus  lateralis;  &  transverms  (Henle);  s.  aigmoideus  (M. 
J.  Weber);  s.  terUorii  posterior. — ^This  vessel  receives  as  its 
tributaries  the  chief  of  the  other  sinuses,  and  is  the  great  feeder 
of  the  internal  jugular  vein.  It  commences  at  the  internal 
protuberance  of  the  os  occipitis,  and,  taking  at  first  a  horizontal 
course,  passes  outwards  along  the  transveise  part  of  the  linea 
cruciata  on  the  corresponding  side.  On  leaving  the  occipital 
bone,  it  passes  on  to  the  posterior  inferior  angle  of  the  parietal, 
from  which  it  passes  over  the  inner  surface  of  the  mastoid 
portion  of  the  temporal  bone,  to  groove  the  occipital  a  second 
time  on  the  upper  surface  of  its  jugular  process.  Bending  into 
the  jugular  foramen,  it  there  joins  the  inferior  petrosal  and 
marginal  sinuses  to  form  the  internal  jugular  vein.  The  trans- 
verse portion  of  the  sinus  presents  the  outline  of  a  triangular 
prism,  as  it  lies  between  the  layers  of  the  tentorium  cerebelli. 
In  the  remaining  part  of  its  course  it  lies  beneath  the  dura 
mater,  and  a  transverse  section  is  of  semicircular  form.  The 
diameter  of  the  vessel  is  considerable,  averaging  8-10  mm.  (W. 
Krause),  but  there  is  often  a  great  inequality  between  those  of 
opposite  sides.  The  right  is  very  generally  the  larger,  but  I 
have  myself  met  with  two  instances  of  its  almost  complete 
absence,  only  a  small  venous  canal  of  1|  mm.  diameter  following 
its  course  as  far  as  the  mastoid  foramen,  through  which  it  dis- 
appeared. In  the  majority  of  cases  the  right  is  also  longer  than 
the  left,  and  in  four  cases  of  the  forty-four  in  which  these 
sinuses  were  carefully  examined,  the  superior  longitudinal  turned 
directly  into  the  right  lateral  sinus,  which  appeared  to  be  a 
direct  continuation  of  the  other.  In  these  cases  the  left  was 
only  about  one-third  the  size  of  the  right  lateral  sinus. 
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Varieties, — The  cases  of  diminutive  size  of  the  right  lateral 
sinus  have  been  already  mentioned.  Lieutaud  has  recorded  a 
case  of  complete  absence  of  the  left  lateral  sinus,  as  far  as  the 
usual  point  of  entrance  of  the  superior  petrosal  sinus.  The 
continuation  of  the  latter  with  some  tributary  veins  formed 
a  diminutive  representative  of  the  lower  part  {JEssais  AnaL 
p.  382.)  Both  lateral  sinuses  may  be  small,  and  the  greater  part 
of  the  blood  be  transmitted  along  t\^e  occipital  and  marginal 
sinuses  to  the  foramen  jugulars  to  join^  the  internal  jugular  vein. 
Henle  alludes  to  this  abnormality;  there  occurred  one  good 
example  among  the  cases  which  I  examined.  A  horizontal 
septum  sometimes  crosses  the  cavity  of  the  sinus  through  a 
portion  of  its  length,  or  even  along  the  whole.  In  the  latter 
case  the  channel  is  divided  into  two.  Of  this  I  have  met  two 
specimens,  both  occurring  on  the  right  sida  This  peculiarity 
was  also  observed  by  Hallett,  who  reported  two  examples  (Med. 
Times,  1848), 

Additional  Branches, — Erndssariv/m  ocdpUaU. —  This  venous 
canal  passes  through  the  occipital  protuberances,  communicating 
on  the  outside  with  the  occipital  veins,  and  on  the  inside  with 
the  torcidar  fferaphili.  A  small  vein  could  be  distinctly  traced 
through  the  bone  in  several  cases  (six  in  forty-four).  In  most 
of  the  others,  there  was  found  in  this  situation  a  small  vein 
piercing  either  table  of  the  occipital  bone,  and  anastomosing  with 
the  diploic  veins  between,  in  this  way  representing  the  more 
distinct  communication  already  mentioned. 

An  accessory  sinus  has  been  described  by  Kelch,  which 
passes  from  the  sphenoidal  fissure  backwards,  crossing  the  upper 
border  of  the  petrous  portion  of  the  temporal  bone  beneath  the 
tentorium  cerebelli,  and  beneath  the  superior  petrosal  sinus,  with 
which  it  anastomoses  in  this  situation.  It  then  passes  back  on 
the  under  surface  of  the  tentorium  to  join  the  lateral  sinus,  in 
which  it  ends  (Kelch,  Beitrdge  zwr  Pathol.  Anat.  80).  In  front  it 
communicates  with  some  of  the  veins  of  the  orbit  I  have  been 
able  to  trace  a  small  vein  along  this  course  in  three  instances. 

Vena  dberrans. — Under  this  name  Verga  describes  a  channel 
of  communication  between  the  sinus  cavernosus  (or  vena  ophthal- 
mica)  in  front,  and  the  sinus  lateralis  sinister  behind.  I  once 
found  a  vein  occupying  the  corresponding  position  on  the  right 
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side,  but  have  nob  met  with  the  vessel  which  Verga  describes  on 
the  left.     (Verga,  Anncd.  Univ.  di  Med.  1856). 

SintLS  opTUhalmO'petrosus  (Hyrtl). — Under  this  name  Hyrtl 
describes  a  small  occasional  sinus  which  passes  backwards  from 
the  sphenoidal  fissure  over  the  inner  surface  of  great  wing  of 
sphenoid  and  anterior  surface  of  petrous  portion  of  temporal 
bone,  to  terminate  in  the  lateral  sinus.  It  sometimes  leaves  the 
skull  through  the  foramen  ovale,  and  in  other  cases  it  usually 
communicates  with  the  middle  meningeal  veins.  In  four  cases 
of  the  forty-four  in  which  the  sinuses  were  specially  examined 
for  variations,  I  was  able  to  trace  this  vessel. 

Sintis  squamoso-petrosus  (C.  Krause),  5.  petraso-sg^icimogus 
(Luschka). — This  small  vessel,  when  present,  occupies  the  angle 
between  the  petrous  and  squamous  portions  of  the  temporal 
bone^and  opens  into  the  lateral  sinus  after  crossing  the  posterior 
extremity  of  superior  border  of  petrous  bone,  or  passing  through 
a  canal  in  the  latter.  In  front  it  pierces  the  squamous  portion 
of  the  temporal  bone,  a  little  above  the  root  of  the  zygomatic 
process,  or  perhaps  the  latter  process  itself,  to  communicate  with 
the  deep  temporal  veins. 

In  some  cases  it  may  be  found  to  communicate  with  a  small 
accessory  sinus  which  passes  through  a  canal  in  the  bone, 
leading  from  the  lower  part  of  the  sulcus  transversus  ossis  occi- 
pitis  to  the  mastoid  foramen  (Otto,  Seltene  BeobaeMungen,  1824, 
ii.  70).  This  canal  corresponds  to  the  caTialis  temporalis^  whose 
existence  is  normal  in  some  mammals  (Otto,  Nov,  Act.  Acad. 
Goes,  Leap.  Card.  1826,  xiii.  23).  This  canal  and  contained  vein  I 
have  found  well  developed  in  two  instances  only.  As  was  first 
pointed  out  by  Eathke,  the  study  of  the  development  of  this 
bone  throws  additional  light  on  the  homology  of  the  canalis 
temporalis,  as  a  *' foramen  j^ogvlare  spuriumi*  is  found  to  be  a 
normal  opening  in  the  corresponding  part  of  the  bone,  during  a 
great  part  of  the  embryonic  period  of  the  life  of  the  human  being. 

This  vessel  (sinus  squamoso-petrosus)  is  described  by  Sir 
Charles  Bell  under  the  name  of  the  anterior  petrous.  He  seems 
to  have  been  familiar  with  its  existence,  and  to  look  upon  its 
occurrence  as  frequent ;  and  it  is  strange  that,  like  many  other 
important  venous  canals,  its  existence  should  be  ignored  by  the 
authors  of  so  many  of  our  anatomical  hand-books.    In  the  cases 
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which  I  selected  for  examination,  seven  of  the  forty-four  bodies 
presented  such  a  vessel  on  both  sides,  and  nineteen  others  on 
one  side  only.  Of  the  unilateral  specimens  eleven  occurred  on 
the  left  side,  and  eight  on  the  right. 

Sinus  longitudinalis  Buperior;  («.  sagUtalis  superior  \  s,  fold- 
formis  superior;  s.  triangularis), — This  reaches  from  foramen 
cascum  in  front  to  internal  occipital  protuberance  behind ;  or,  as 
oftener  happens,  it  turns,  immediately  before  its  termination,  a 
little  to  one  side  to  join  one  of  the  lateral  sinuses,  usually  that  of 
the  right  side.    Through  the  foramen  caecum  it  communicates  in 
early  life  with  the  veins  of  the  nasal  fossae,  but  this  anastomosis 
is  usually  cut  off  in  the  adult.     In  its  course  it  occupies  the 
median  plane  of  the  skull,  passing  backwards  between  the  layers 
of  the  dura  mater,  which  splits  to  enclose  it,  along  the  crista  fron- 
talis, sulcus  frontalis,  sutura  sagittalis,  and  upper  branch  of  the 
linea  cruciata,  on  inner  surface  of  occipital  bone.     Of  thirty- 
eight  calvaria  on  which  I  carefully  examined  the  position  of  the 
groove  which  marked  the  course  of  this  canal,  I  found  it  to 
occupy  the  median  line  as  accurately  as  possible  in  nine  speci- 
mens.   In  seven  other  cases  it  deviated  only  at  the  posterior 
extremity,  terminating  in  the  right  lateral  sinus  in  four,  and  in 
that  of  the  left  in  three  instances.    In  fourteen  specimens  the 
sulcus  was  more  on  the  right  side  along  the  whole  length  of  the 
sagittal  suture,  but  in  three  of  them  it  bent  to  the  opposite  side 
on  the  occipital  bone,  at  about  an  inch  and  a  half  above  the 
protuberance,  to  terminate  in  the  groove  for  the  lateral  sinus. 
In  two  the  termination  was  medial ;  in  the  others  it  was  on  the 
.  same  side  as  the  original  deviation.     In  the  remaining  eight  the 
sagittal  groove  was  better  marked  on  the  left  parietal  bone,  and 
in  six  it  terminated  in  the  corresponding  lateral  groove  of 
occipital.     In  one  case  it  gained  the  median  line  at  the  pro- 
tuberance, and  in  one  it  crossed  to  the  opposite  side.    The  lumen 
of  this  sinus  presents  a  distinctly  triangular  outline  with  a 
slightly  concave  base  which  is  placed  above,  and  its  diameter 
gradually  increases  as  it  passes  backwards,  from  1*5  mm.  at  the 
level  of  the  apex  of  the  crista  galli  to  11  mm.  at  its  termination. 
The  diameter  of  the  sinus  is,  however,  subject  to  very  great 
variations,  the  inconstancy  of  size  being,  indeed,  the  most 
striking  feature  in  its  abnormal  anatomy.     In  some  cases   a 
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second  small  sinus  may  be  found  between  the  layers  of  the  falx 
immediately  below  this  normal  superior  longitudinal,  or,  in  such 
cases  it  would  be  more  accurate  to  describe  the  sinus  as  divided 
into  two  by  a  horizontal  septum.  The  upper  is  thus  quadri- 
lateral in  section ;  the  lower  is  triangular  with  the  apex  down- 
wards. The  canals  so  arranged  have  been  described  by  Malacame 
under  the  name  of  sent  gviaUemu  I  have  seen  an  instance  of 
this  division ;  it  reached  along  the  posterior  half  of  the  sinus  only. 

Varieties. — ^A  case  of  complete  absence  of  the  superior  longi- 
tudinal sinus  is  mentioned  by  Portal  (Cours  (PAnat.  Med.  iv. 
29).  This  must,  of  course,  be  a  ver^  rare  anomaly.  I  have  not 
met  with  an  instance,  but  I  have  certainly  seen  three  specimens 
(out  of  forty-four  in  which  it  was  carefully  examined),  in  which 
the  size  was  so  small  that  it  could  hardly  be  looked  upon  as  a 
representative  of  the  normal  sinus.  The  usual  tributaries  in 
these  cases  turned  down  between  the  layers  of  the  falx  cerebri, 
and  joined  the  inferior  longitudinal  sinus,  while  the  normal 
tributaries  of  the  superior  petrosal  sinuses  were  larger  than 
usual.  In  two  the  straight  sinus  received  the  termination  of 
the  superior  longitudinal,  which  did  not  groove  the  occipital 
bone  for  the  last  inch  of  its  course,  but  turned  a  little  forwards 
as  well  as  downwards  between  the  layers  of  the  falx. 

The  superior  longitudinal  sinus  was  found  to  bifurcate  in 
two  of  the  forty-four ;  in  each  case  a  little  behind  the  coronal 
suture.  The  two  branches  re-united  after  a  course  of  an  inch 
and  a  half,  in  this  manner  enclosing  a  narrow  ellipse.  A  similar 
case  was  reported  by  Vicq  d'Azjrr  (Tab.  xxxii.)  Malacarne 
has  recorded  a  case  in  which  the  superior  longitudinal  sinus 
bifurcated  on  reaching  the  apex  of  the  occipital  bone,  and  either 
branch  followed  the  corresponding  limb  of  the  lambdoid  suture 
to  the  junction  with  the  temporal  bone,  when  it  joined  the 
lateral  sinus.  The  lateral  sinus  was  then  small  up  to  that  point. 
I  have  not  met  with  an  example  of  this  strange  anomaly. 

Sinus  longitudinalis  inferior  (&  mgiMalis  inferior  vel  minor ; 
8.  falci/ormis  inferior ;  vena  longitvdinalis  inferioi').  This  canal 
(which  hardly  deserves  the  name  of  sinus  as  it  more  nearly 
resembles  a  vein  in  form)  commences  at  a  variable  distance 
behind  the  anterior  extremity  of  the  falx  cerebri,  and  passes 
backwards  between  the  layers  of  this  process  of  dura  mater  till 
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it  reaches  the  anterior  margin  of  the  tentorium  cerebelli  where 
it  joins  the  simts  recttts. 

Varieties. — I  have  hardly  found  any  notable  abnormality  in 
this  sinus  in  any  of  the  cases  examined,  the  variations  being 
confined  to  change  of  size  and  irregularity  of  position  of  origin. 
In  one  case,  however,  its  termination  was  very  peculiar.  Instead 
of  passing  into  the  sinus  rectus,  it  turned  upwards  between  the 
layers  of  the  falx  to  terminate  in  the  superior  longitudinal  sinus, 
an  inch  and  a  quarter  above  the  level  of  the  internal  occipital 
protuberance. 

Bintui  rectus ;  s.  quartivs  (Galen) ;  s.  perpendiciUaris  (Haller)  ; 
irUemal  simis  (Sir  C.  Bell)  ;  s.  obliquics  ;  s,  tentorii  medius  (M.  J. 
Weber). — This  vessel,  which  is  formed  by  the  confluence  of  the 
inferior  longitudincJ.  sinus  with  the  vena  magna  Galeni,  passes 
backwards  and  downwards  to  join  the  torcular  HerophUi,  or 
(what  oftener  happens)  it  may  turn  a  little  to  one  side  to  pass 
into  one  of  the  lateral  sinuses.  "  It  opens,  for  the  most  part, 
by  an  oval  mouth,  formed  by  strong  pillars  of  fibres,  into  the  left 
lateral  sinus,  rather  than  directly  in  the  middle  of  the  communi- 
cation of  the  three  great  sinuses."  Such  is  the  description  of  its 
termination  given  by  Sir  Charles  Bell,  and  it  is  entirely  in 
accordance  with  my  experience.  In  twenty-six  cases  out  of 
forty-four  it  opened  into  the  left  lateral  sinus,  the  terminal  orifice 
answering  exactly  to  the  description  above  quoted.  In  six  cases 
the  deviation  was  to  the  right,  while  it  ended  medially  in  twelve 
instances.  A  vertical  horizontal  section  at  any  part  of  its  length 
presents  a  triangular  outline  with  the  base  below,  and  apex  above. 
The  base  is  formed  by  the  tentorium  itself,  while  the  sides 
are  formed  by  the  splitting  of  the  layers  of  the  falx  cerebri. 
The  diameter  of  this  triangular  canal  is  about  3-4  mm.  for  the 
greater  part  of  its  length,  but  is  found  to  vary  a  good  deal. 

Varieties. — In  one  case  I  found  this  sinus  completely  absent. 
The  vein  of  Galen  and  the  inferior  longitudinal  sinus  met  at  the 
anterior  edge  of  the  tentorium  as  in  the  normal  arrangement,  but 
the  fusion  was  only  for  a  length  of  about  three  quarters  of  an 
inch.  From  this  point  three  veifts  passed  backwards,  one  between 
the  layers  of  the  falx  cerebri  inclined  upwards  to  join  the  superior 
longitudinal  sinus  an  inch  above  the  torcular,  while  the  other  two 
lay  between  the  layers  of  the  tentorium  on  the  left  side  of  the 
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attachment  of  the  falx.  One  opened  into  the  left  lateral  sinus 
half  an  inch  beyond  the  margin  of  the  falx ;  the  termination  of 
the  outer  one  was  an  inch  farther  from  the  middle  line. 

Sinus  spheno-parietaUs  (Breschet) ;  siniLS  aim  parvce  ;  superior 
9phenoidal  sinus  (Sir  C.  Bell). — This  vessel  arises  from  one  of 
the  meningeal  veins  at  the  outer  extremity  of  the  lesser  wing  of 
the  sphenoid  bone,  and  passes  inwards  under  cover  of  the  latter 
to  terminate  in  the  cavernous  sinus.  Its  position  is  marked  by 
a  slight  groove  in  the  bone.  It  is  of  considerable  dimensions, 
the  diameter  near  its  inner  end  being  about  3  mm.  I  have 
observed  great  variability  in  the  si^e  of  this  venous  canal,  but  in 
no  case  did  I  meet  with  an  instance  of  its  complete  absence,  a 
small  vein  at  least  was  to  be  found  in  those  cases  where  the 
normal  sinus  was  not  fairly  represented.  Accordingly  I  am 
surprised  that  a  description  is  so  often  omitted  from  our  text* 
books. 

Sinus  eavernosns  ;  reoq>taculum  ;  s.  caroticus  (Bektorzik) ;  can^ 
flusTis  sinuum  arUeritcs;  $.  spheno-parietah  (Cruveilhier). — This 
is  a  space  of  extremely  irregular  outline,  inclosed  between  the 
layers  of  dura  mater  on  the  lateral  aspect  of  the  body  of  the 
sphenoid  bone>  immediately  above  the  root  of  the  great  wing. 
As  already  mentioned,  it  is  crossed  by  fibrous  trabeculae  from 
some  of  which  villous  process  bang  into  the  current  of  venous 
blood.  In  the  layer  of  dura  mater  which  forms  its  outer  wall, 
several  important  nerves  are  included,  while  within  the  cavity, 
and  in  contact  with  the  inner  wall,  is  the  carotid  artery,  which 
is  separated  from  the  venous  canal  only  by  the  lining  of  the 
latter  membrane. 

Bidley  describes  in  these  words :  *'  Another  I  discovered  by 
having  the  veins  injected  with  wax,  running  round  the  pituitary 
gland  on  its  upper  side,  forwardly  within  the  daplicature  of  the 
dura  mater,  backwardly  between  the  dura  mat^r  and  pia  mater, 
then  somewhat  loosely  stretched  over  the  subjacent  gland  itself, 
and  laterally  in  a  sort  of  canal  made  iip  of  the  dura  mater  above ; 
and  the  carotid  artery  on  each  outside  of  the  gland,  which,  by 
being  fastened  to  the  dura  mater  above,  and  below  at  the  basis 
of  the  skull,  leaves  only  a  little  interstice  betwixt  itself  and  the 
gland."    Brunnerus  describes  this  sinus. 

Varieties. — ^An  example  of  complete  absence  of  this  sinus  is 
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mentioned  by  Santorini  {Ohs,  Anat.  1714,  cap.  iii.  §  25).  This  I 
have  not  observed,  but  in  some  of  those  which  I  examined  it  was 
so  small  that  it  could  hardly  be  looked  on  as  a  true  representative 
of  the  normal  cavernous  sinus.  This  occunred  in  five  cases,  three 
of  which  were  on  the  right  side  and  two  on  the  left 

An  additional  tributary,  in  the  form  of  an  emissary  vein 
passing  through  the  canalis  rotundus  of  sphenoid  with  the 
superior  maxillary  nerve,  has  been  described  by  Nuhn.  This  I 
have  seen  twice ;  in  both  cases  on  the  right  side.  Another  in- 
constant vein  which  lies  in  the  dura  mater  on  the  inner  surface 
of  the  great  wing  of  the  sphenoid  bone,  has  been  described  by 
Sir  C.  Bell  and  some  other  anatomists  as  the  inferior  sphenoidal 
sintis.  It  was  present  in  twenty-three  of  the  forty-four  subjects, 
fourteen  on  the  right,  nine  on  left  side. 

Sinus  interoavemosns. — ^The  receptacula  of  opposite  sides  are 
connected  by  means  of  one  or  more  transverse  vessels  which 
cross  the  pituitary  fossa.  There  are  frequently  two,  one  in  front 
of  the  hypophysis,  and  the  other  behind.  The  anterior  is  the 
larger,  the  posterior  is  more  often  completely  absent.  Its  absence 
was  noted  in  twenty -six  of  my  forty-four  cases.  In  two  of  the 
others  the  posterior  branch  was  the  larger  of  the  two,  and  in 
another  case  it  was  the  only  one  present.  In  fifteen  instances 
only  did  the  above  described  arrangement  of  two  transverse 
branches  exist.  When  present  they  form  with  the  cavernous 
sinus  on  each  side  the  so-called 

Sinus  oironlaris  (Ridley);  s.  ellipticus;  a.  coronarius;  dynoid 
sinus  (Sir  C.  Bell).  A  single  vein  forms  the  sintLs  trwnsversus 
sdlcs  egruince  described  by  Haller.  A  siniLS  circidaris  inferior  is 
described  by  Winslow  beneath  the  pituitary  body,  and  formed 
by  branches  which  take  a  course  nearly  parallel  to  the  one 
usually  described.  I  have  found  it  in  six  cases  only ;  in  twelve 
others  there  was  a  single  intercavernous  vein  beneath  the 
pituitary  body. 

Sinus  petrosus  superior ;  s.  petro-basilaris  (Langer) ;  a.  tentorii 
lateralis  (Weber);  a.  petrosus  superficialis, -^Thia  sinus  runs 
along  the  upper  border  of  petrous  bone  between  the  layers  of 
the  tentorium,  from  the  posterior  extremity  of  the  cavernous 
sinus  in  front  to  the  lateral  sinus  behind.  It  joins  the  latter 
at  the  junction  of  its  horizontal  and  descending  portions.    It 
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varies  cooBideTably  in  eixe.     Its  absence  was  noted  in  three 
cases ;  two  of  the  right  side,  and  one  of  the  left 

A  communicating  vas  dberrans,  stretching  between  the  ophthal- 
mic vein  in  front,  and  the  superior  petrosal  sinus  behind,  has 
been  described  by  Verga  {Annl.  Univ.  di  Medic.  1866).  I  have 
found  a  vessel  answering  to  this  description  in  three  instances  ; 
they  all  occurred  on  the  left  side. 

Siniu  petrosns  inferior;  s.  p.  projundus;  s.  petro-occipitalis 
superior  (Trolard). — This  canal  passes  from  the  posterior  extremity 
of  the  cavernous  sinus  along  the  petro-occipital  suture  to  the 
foramen  jugulare.  It  descends  through  the  anterior  compart- 
ment of  this  foramen  to  join  the  internal  jugular  vein.  With 
the  purpose  of  ascertaining  the  exact  level  of  its  termination,  I 
made  a  careful  examination  of  the  bases  of  eleven  skulls  after 
the  dissection  of  the  other  sinuses  had  been  completed.  In 
eight  of  the  twenty-two  sinuses  so  inspected,  the  termination 
was  as  nearly  as  possible  at  the  level  of  the  lower  margin  of  the 
jugular  foramen,  in  nine  instances  it  was  a  little  above,  and  in 
the  remaining  five  a  little  below  that  level.  In  two  cases  it 
terminated  about  |ths  of  an  inch  below  the  base  of  the  skull. 
In  those  which  ended  within  the  foramen,  the  termination  was 
about  the  junction  of  the  middle  with  the  inferior  thirds  (in  all 
cases). 

Simcs  petro-oeeipUalis  inferior. — Under  this  name  Trolard 
describes  an  external  vein  which  passes  backwards  along  the 
petro-occipital  suture  to  terminate  in  the  internal  jugular  vein. 

Sinus  transversus ;  &  boMaris  (Cruveilhier) ;  s.  fossce  basilaris 
(Breschet) ;  s.  basilaris  anterior ;  s.  occipitalis  anterior ;  s.  o, 
transversus;  Plexus  basilaris  (Virchow). — The  so-called  transr 
verse  sinus  of  our  anatomical  hand-books  ill  deserves  the  name> 
as  it  does  not  form  a  separate  and  distinct  canal  as  in  the  case 
of  the  vessels  already  described.  The  name  of  plexus  basilaris 
given  to  it  by  Virchow,  is  much  more  applicable.  It  is  formed 
by  a  network  of  anastomosing  veins,  placed  between  the  layers 
of  the  process  of  dura  mater  which  covers  the  clivus.  Some  of 
these  open  into  the  inferior  petrosal  sinus  on  either  side,  some 
communicate  anteriorly  with  the  receptaculum  or  sinus  inter- 
cavemosus  posterior,  while  others  pass  downwards  to  the  margin 
of  the  foramen  magnum  to  anastomose  with  the  anterior  rachidian 
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veins.  I  have  found  no  notable  variation  in  their  arrangement 
except  in  the  varying  size  of  the  branches  which  go  in  the  various 
directions  named. 

Siniu  oceipitalis;  s.  occipitalis  posterior;  s.  basHaris  posterior, — 
On  account  of  the  contradictory  descriptions  of  this  sinus  given 
by  different  anatomists,  I  was  specially  desirous  to  ascertain  what 
should  be  looked  on  as  the  normal  disposition.  Accordingly,  I 
noted  carefully  the  arrangement  of  the  occipital  venous  canals  in 
all  the  forty  four  cases  in  which  I  paid  special  attention  to  the 
sinuses.  In  two  of  these  I  could  detect  no  trace  of  an  occipital 
sinus.  In  nine  cases  the  sinus  was  bilateral,  one  lying  beneath 
the  dura  mater  on  either  side  of  the  internal  occipital  crest  In 
three  of  these  both  were  very  small,  and  ended  below  in  an 
anastomosing  network  at  the  posterior  lip  of  the  margin  of 
foramen  magnum,  through  which  a  communication  was  estab- 
lished with  the  veins  of  the  spinal  canal.  In  two  other  cases 
the  left  was  continued  on  as  a  sinus  marginalis  to  join  the  lateral 
sinus  at  the  jugular  foramen,  while  the  communication  with  the 
veins  of  the  spinal  canal  was  also  present.  In  the  other  four 
the  continuation  of  each  was  to  the  jugular  foramen,  while  a  few 
very  small  twigs  passed  down  to  join  the  spinal  veins.  In  thirty- 
three  cases  the  sinus  was  single,  and  occupied  the  median  plane, 
or  nearly  so ;  eighteen  of  these  commenced  above  at  the  torcular 
Herophili ;  seven  opened  into  the  left  lateral  sinus ;  five  into  the 
right  lateral ;  three  communicated  with  the  sinus  rectus  about 
a  quarter  of  an  inch  in  front  of  the  torcular.  This  median  sinus 
descended  between  the  layers  of  the  falx  cerebelli  till  it  arrived 
close  to  the  margin  of  foramen  magnum.  In  seven  cases  it  was 
unusually  small,  and  had  no  further  communication  than  that 
with  the  spinal  veins.  In  all  the  others  it  split  into  two,  and 
sent  a  branch  to  the  jugular  foramen  along  the  sulcus  marginaUs 
to  join  the  bulbus  venad  jugularis  internse.  In  fifteen  of  these 
twenty-six  the  right  sinus  was  somewhat  larger  than  the  left,  the 
difference  was  not,  however,  very  great.  In  only  three  cases 
was  the  left  much  larger  than  the  other ;  in  one  of  these  it  was 
about  double  its  bulk.  In  the  others  they  were  as  nearly  equal 
as  possible. 

Of  the  so-called  emissary  veins,  the  following  peculiarities 
were  noted : — 
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Emissariwni  mastaideum. — ^The  mastoid  foramen  for  the  trans- 
mission of  a  meningeal  braDch  of  the  occipital  artery,  and  a  com- 
municating vein  between  the  occ^)ital  veins  on  the  outside,  and 
the  descending  part  of  the  lateral  sinus  within  the  skull — pierces 
in  the  majority  of  cases  (as  its  name  implies)  the  mastoid  portion 
of  the  temporal  bone.  In  fourteen  per  cent,  of  my  cases,  the 
foramen  was  in  the  masto-occipital  suture,  and  in  three  instances 
(out  of  eighty-eight)  the  corresponding  vessels  passed  through  a 
hole  in  the  occipital  bone  itself,  close  to  the  suture.  In  thirty- 
four  of  the  skulls,  the  foramen  and  vein  were  larger  on  the  right 
side,  in  six  on  the  left,  in  only  four  instances  were  they  nearly 
equal.  In  none  of  these  was  it  absent  on  either  side,  although 
in  a  few  the  size  was  diminutive ;  I  have,  however,  seen  absence 
of  the  foramen  in  five  instances  noted  from  time  to  time  among 
my  other  dissectiona  Three  of  these  occurred  on  the  left  side 
and  two  on  the  right 

JEmisaarium  condyloideum. — This  vessel  passes  through  the 
canalis  condyloideus  (posterior  condyloid  foramen)  forming  a 
channel  of  communication  between  the  lateral  sinus,  close  to  its 
termination,  and  the  upper  part  of  the  plexus  vertebralis 
cervicalis  (veria  jugularis  posterior  of  Cruveilhier)  In  only 
thirteen  of  my  forty-four  skulls  was  it  present  on  both  sides. 
In  twenty-one  cases  it  was  present  on  the  right  side,  in  ten  on 
the  left 

Emissarium  parietale, — This  vein  passes  through  the  foramen 
parietale  between  the  superficial  veins  on  the  outside,  and  the 
sinus  longitudinalis  superior  on  the  inside.  It  is  accompanied 
by  the  ramus  parietalis  of  the  occipital  artery.  Both  vessels  and 
foramen  are  very  often  absent  on  one  side,  but  I  took  no  note  of 
the  proportion  of  cases. 

Emissarium  ocdpitale, — ^This  vessel,  which  passes  out  on  the 
external  occipital  protuberance,  and  communicates  with  the  veno^ 
diploicae  occipitalis  within  the  substance  of  the  bone,  has  already 
been  noticed  at  sufficient  length. 

A  prolongation  of  the  sinus  cavernosus  into  the  canalis  caroticus 
has  beeu  described  by  Rektorzik  (pars  intra  canalem  earoticum 
des  sinus  caroticus).  It  descends,  breaking  up  into  a  plexus  of 
small  veins,  which  enclose  the  carotid  artery  at  the  lower  part  of 
the  canal  more  or  less  completely,  and  for  some  distance  below 
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the  base  of  the  skull.  They  then  converge  to  form  one  or  more 
trunks  which  open  into  the  internal  jugular  vein.  I  have  found 
in  every  case  one  or  more  small  veins  taking  this  course,  from 
the  lower  part  of  the  sinus  cavernosus,  so  that  they  diflFer  only 
in  their  degree  of  development,  which  was  very  variable. 

Nuhn  has  called  the  attention  of  anatomists  to  a  pair  of  veins 
which  pass  through  the  foramen  ovale,  communicate  with  the 
middle  meningeal  veins;  and  after  forming  a  plexus  ar  jund  the 
commencing  portion  of  the  inferior  maxillary  nerve,  terminate 
in  the  venous  plexus  of  the  infratemporal  fossa.  The  satellite 
vein  of  the  superior  maxillary  nerve  described  by  this  author  has 
been  already  mentioned.  The  veins  of  the  foramen  ovale  I  have 
found  very  variable.  In  eighteen  cases  I  found  them  to  answer 
to  his  desciiption  on  both  sides.  In  six  cases  there  were  two 
veins  on  the  right  side  and  one  on  the  left,  in  four  the  condition 
was  reversed ;  the  single  vein  in  every  case  being  nearly  equal 
to  the  sum  of  the  other  two.  In  eleven  instances,  there  was  a 
single  vein  on  each  side.  In  five  cases  total  absence  on  one  side, 
three  of  these  being  on  the  right 

A  vein  or  plexus  of  veins  passes  through  the  dense  mass  of 
connective  tissue  which  fills  the  foramen  lacrum  medium,  com- 
municating with  the  cavernous  sinus  on  the  inside,  and  the 
external  veins  below  the  base  of  the  skulL  I  have  always  found 
this  communication  when  carefully  searched  for;  the  size  and 
number  of  the  vessels,  however,  vary  very  much. 

Gircdlv^  venosus  hypoglossi. — This  is  the  name  given  by 
Luschka  to  the  venous  plexus  which  surrounds  the  hypoglossal 
nerve  as  it  passes  through  the  inner  part  of  the  anterior  condy* 
loid  foramen.  Two  veins  proceed  from  this  plexus,  one  of  which 
passes  to  the  plexus  vertebralis,  the  other  goes  to  the  sinus 
petrosus  inferior.  According  to  Trolard,  they  terminate  in  a  vein 
commencing  at  the  anterior  condyloid  fossa,  to  which  he  has  given 
the  name  of  confiuens  condyloideum  anteriiLS,  But  the  truth  is, 
as  I  have  found,  that  either  description  may  be  correct,  or  a  single 
vein  may  enter  the  confiuens  of  Trolard,  and  the  second  pass  to 
the  inferior  petrosal  sinus,  or  plexus  vertebralis.  All  these 
terminations  I  have  seen,  but  have  not  made  any  note  of  their 
proportional  frequency. 


PKIMART  GROWTH  FROM  BONE,  RESEMBLING  IN 
SOME  OF  ITS  FEATURES  SCIRRHUS  CARCINOMA 
OF  THE  BREAST.  By  Gilbert  Barung,  M.B.,  Patho- 
legist.  General  HospUal,  Birmingham. 

T.  H.,  aged  41  years,  was  admitted  to  the  General  Hospital, 
Birmingham,  under  the  care  of  Mr  T.  H.  Bartleet,  by  whose  kind- 
ness I  am  enabled  to  describe  the  case.  The  patient  was  a 
feeble  spare  man,  with  an  enlargement  at  the  upper  part  of  the 
sternum  about  the  size  of  half  an  oranga  The  skin  was  non- 
adherent to  it ;  the  growth  was  fixed  at  its  deeper  part,  not  hot, 
pulsatile,  nor  painful;  and  the  glands  above  the  left  clavicle 
were  enlarged  The  enlargement  was  first  noticed  by  the 
patient  fifteen  months  previously,  and  it  had  steadily  increased 
in  size,  the  glandular  complication  appearing  ten  months  later, 
and  he  could  assign  no  cause  for  the  formation.  The  patient 
died  a  fortnight  after  admission,  of  double  pneumonia.  On  post- 
mortem,  the  growth  appeared  to  have  originated  centrally  in  the 
manubrium  stemL  It  had  grown  rather  more  anteriorly  than 
posteriorly  ;  it  was  distinctly  encapsuled,  and  on  section  was  firm 
and  fibrous ;  there  was  no  bony  matter  in  it,  and  the  skin  was 
not  implicated.  The  glands  were  about  as  large  as  the  end  of 
the  thumb,  and  were  rather  less  firm  than  the  primary  growth. 
Secondary  deposits  were  found  on  the  visceral  layer  of  the  left 
pleura ;  these  varied  from  the  size  of  a  pin's  head  to  that  of  a 
pea.  The  two  drawings,  for  which  I  am  much  indebted  to 
Dr  Saundby,  illustrate  two  of  the  most  diverse  portions  of  the 
tumour,  there  being  between  these  two  numerous  gradations, 
in  which  either  the  large  (as  in  fig.  1)  or  the  small  linear  alveolar 
form  (as  in  fig.  2)  predominates.  Everywhere  the  structure  is 
alveolar,  except  in  a  few  places,  as  instanced  in  fig.  1,  where  two 
or  three  cells  seem  to  be  imbedded  in  the  matrix  ;  the  connective 
tissue  generally  is  hyaline ;  the  cells  are  generally  retained  in 
their  alveoli;  they  are  fairly  regular  in  size  and  shape,  are 
nucleated,  the  size  of  the  nuclei  varying  somewhat  Between 
the  cells  when  in  situ  it  is  difficult  to  i*ecognise  any  intercellular 
substance,  but  at  the  edges  of  the  tumour,  where  a  few  cells  are 
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shed,  there  appears  to  be  a  delicate  cementing  material  of  a 
faintly  granular  character,  but  of  this  last  condition  I  do  not  feel 
positive.    The  vessels  run  entirely  in  septa  between  the  alveoli. 
At  the  edge  of  the  growth  there  is  a  narrow  zone  sprinkled  with 
small-celled  infiltration,  the  cells   staining  very  deeply  with 
carmine ;  and  in  this  zone  I  think  I  have  succeeded  in  defining 
the  development  of  the  cells  of  the  alveoli,  by  an  increase  in  the 
size  of  the  small  cells,  their  double  nucleation,  and  subsequent 
division  generally  in  a  linear  direction.    Looking  at  section 
fig.  1  and  not  knowing  its  history,  I  should  have  considered 
it  a  section  of  carcinoma  such  as  one  finds  in  the  breast,  the  shape 
and  size  of  the  alveoli,  the  inability  to  recognise  intercellular 
substance,  and  the  arrangement  of   the  vessels    being    very 
suggestive  of  such  growths;   but  the  appearances  shown  in 
fig.  2  are  very  suggestive  of  what  is  described  and  figured  as 
cylindroma  or  as  plexiform  sarcoma.    I  have  therefore  abstained 
from  calling  this  growth  either  sarcoma  or  carcinoma,  because  I 
think  it  is  open  to  discussion  where  such  structures  should  be 
placed,  but  my  inclination  is  to  define  it  is  an  alveolar  sarcoma. 
If  carcinoma  is  necessarily  an  epithelial  growth,  this  is  probably 
not  a  carcinoma,  because  of  the  seat  of  its  origin,  and  the  cell 
production  from  the  small-celled  infiltration,  unless  indeed  one 
has  a  sufficiently  robust  imagination  to  assume  that,  in  the 
development  of  the  sternum,  some  of  the  epiblastic  layer  was 
included  accidentally  in  the  mesoblast,  and  that  from  this  the 
growth  originated.    In  favomr  of  its  being  classed  amongst  the 
sarcomata  are  the  encapsulation  of  the  growth,  the  hyaline 
nature  of  its  connective  tissue,  the  generally  regular  shape  and 
size  of  the  cells,  and  their  appearance  at  times  simply  imbedded 
in  the  connective,  from  which  even  in  the  alveoli  they  do  not 
readily  separate,  besides  the  fact  that  the  immense  majority  of 
malignant  tumours  of  bone  are  sarcomatous,  and  that  it  is  only  in 
rare  instances  that  there  can  be  any  doubt  as  to  their  classifica- 
tion. 

The  glandular  affection  may  be  considered  as  favouring  the 
idea  that  this  is  a  carcinoma,  but  I  think  that  the  infrequency 
of  glandular  complication  in  sarcomatous  growths  has  been 
rather  exaggerated,  for  I  find  that  it  existed  in  six  cases  out  of 
sixty  of  central  sarcomata  of  bone  described  by  Professor  3utlin  ; 
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and  as  there  were  many  cases  in  which  no  post-moi^tem  was  made, 
it  is  not  improbable  that  glandular  affection  existed  in  a  greater 
proportion.  A  case  of  central  sarcoma  of  the  femur  has  recently 
come  under  my  notice,  in  which  the  glands  of  the  neck  were 
implicated  in  a  few  weeks  after  the  appearance  of  the  primary 
growth. 

Mr  Maguire,  in  the  July  number  of  this  Journal^  describes 
a  primary  growth  from  bone  which  he  calls  a  carcinoma, 
but  it  seems  to  me  that  there  are  objections  to  this  ;  the 
general  characters  of  the  growth  suggest  sarcoma,  it  appears  to 
have  been  defined  rather  than  infiltrating,  to  contain  cavities 
and  old  blood  pigment  deposits.  The  cells  are  described  as 
epithelial ;  but  in  the  dm  wings  they  are  shown  as  nearly  regular 
in  shape  and  size,  with  small  single  nuclei,  except  where  they 
are  developing  from  giant  cells  \  indeed  they  resemble  the  cells  of 
a  large  round  celled  sarcoma  much  more  than  the  cells  one 
expects  to  find  in  a  carcinoma  concerning  which  there  can  be  no 
debate.  Again,  the  development  of  the  cells  from  the  spindle 
and  round  cells  of  the  stroma  and  from  the  myeloid  cells, 
remove  all  possibility  of  the  growth  being  in  any  sense  epithelial, 
and  suggest  very  readily  the  development  of  a  sarcoma.  As  to 
the  absence  of  embryonic  tissue  in  the  walls  of  the  vessels,  I 
think  this  may  be  explained  by  the  fact  that  the  alveoli  are  not 
of  sufficient  size  to  require  vessels  to  pass  through  them  for  the 
nutrition  of  the  cells,  and  hence  the  vessels  are  confined  to  the 
stroma,  and  so  escape  the  cell  part  of  the  growth, — a  condition 
very  different  from  that  where  the  vessels  are  found  imbedded 
in  the  midst  of  a  large  collection  of  embryonic  tissue. 

I  have  offered  these  objections,  because,  if  any  good  is  to  come 
of  our  classification,  it  will  be  principally  in  the  direction  of 
prognosis;  and  the  description  of  this  tumour  induces  me  to 
think  that  its  affinities  are  to  myeloid  sarcoma  rather  than  to  a 
carcinoma,  and  this  view  of  a  similar  growth  after  operation 
would  certainly  justify  a  better  prognosis  than  that  supported 
by  Mr  Maguire.  In  this  case,  however,  the  history  is  too  brief 
to  give  one  any  idea  of  its  malignancy  from  a  clinical  point  of 
view. 


ON  THE  REPRODUCTION  OF  THE  "FEELER"  OF 
THE  LOBSTERS  ANTENNA.  By  George  Bond 
Howes,  JDemanstrator  of  Biology  in  the  Royal  School  of 
Mines. 

The  methods  of  reproduction  of  lost  parts  among  the  Arthropoda 
and  the  variations  and  monstrosities  connected  therewith,  are 
well  known ;  but  the  undermentioned  example,  which  has  come 
under  mj  notice,  although  at  first  sight  a  monstrosity,  or  at  least 
a  sport,  appears  upon  further  consideration  to  be  one  of  an 
occurrence  normal  to  at  least  the  lobster. 

The  specimen  was  about  two-thirds  grown  (sex  undetermined), 
having  all  its  appendages,  including  the  left  antenna,  uninjured, 
while  the  "  feeler"  of  that  organ  of  the  right  side  had  the  ap- 
pearance represented  in  fig.  1,  and  consisted  of  a  rounded  filament 
in  a  close-set  spinal  of  six  coils,  the  apex  of  which  looked  down- 
wards and  inwards,  so  that  it  came  under  cover  of  the  surround- 
ing parts.  Examined  under  a  hand  lens  this  structure  exhibited 
features  common  to  the  multi-articulate  "  feeler,"  being  in  reality 
a  tapering  filament — en — and  showing  the  characteristic  annu- 
lations,  which  were  just  appearing  along  its  whole  length.  The 
entire  organ  at  this  stage  was  of  a  delicate  nature,  as  the 
cuticle  covering  it  was  still  uncalcified  and  whitish  in  colour. 

That  this  is  the  typical  method  of  reproduction  of  the  "  feeler  " 
in  the  lobster,  I  have  no  doubt,  although  I  have  failed  to  obtain 
any  stage  intermediate  between  this  one  and  the  completely 
restored  appendage,  and  the  following  considerations  would 
appear  to  justify  such  a  conclusion. 

The  brittle  nature  of  the  organ  is  patent,  and  in  warfare  the 
general  tendency  is  for  it  to  snap  across  when  seized,  rather  than 
give  way  at  its  base,  which  is  its  strongest  part,  and  the  exa- 
mination of  such  feeler-wanting  specimens  as  reach  our 
laboratories,  shows,  from  the  nature  of  the  wound,  that  the  loss 
is  in  the  majority  of  cases  due  to  the  usage  they  get  at  the 
hands  of  the  dealers  and  others  through  which  they  pass ;  hence 
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it  is  only  rarely  that  the  couditions  before  mentioned  are  met 
with,  still  one  occasionally  finds  an  antenna  the  "  feeler  *'  of 
which  exhibits  along  its  length  a  decided  twist  (permanent), 
such  as  is  shown  in  fig.  2.  As  the  fully-developed  structure  is  a 
flattened  one,  this  can  be  seen  by  following  its  edge.  That  the 
appendage  is  primarily  developed  in  the  customary  straight 
fashion,  the  description  and  exquisite  figures  of  Sars  ^  leave  no 
doubt,  and  as  this  condition  is  persistent  throughout  life,  I  am 
disposed  to  consider  the  aforesaid  twist  to  be  the  expression  of 
the  last  uncoiling  of  the  spiral  described. 

The  only  other  record  of  a  like  example  known  to  me,  is  one 
by  Kroyer,*  for  the  Penaeid  Sergestes  ;  here,  however,  the  coils 
were  more  numerous,  and  came  completely  under  cover  of  the 
enlarged  exopodite  ("  squame  ")  of  that  genus.  Writing  in  1855, 
he  may  be  perhaps  excused  the  asking  ''  Is  it  a  parasite  ? " 

The  importance  to  the  animal  of  this  appendage  is  obvious  ; 
and  Newport®  describing  the  reproduction  of  the  same  in  the 
Millepede  Julus,  lays  great  stress  upon  the  "  careful  preservation  " 
of  the  young  limb  "  from  contact  with  anything."  Granted  this 
necessity  in  the  lobster,  the  method  evolved  to  bring  about  the 
safety  of  the  germ  is  as  unique  as  it  is  effectual,  for  the  thing  in 
life  came  completely  under  the  protection  of  even  the  large 
MaxUlipedes.  Measurement  shows  that  the  depth  of  the  spiral 
is  (fig.  1  a)  8  millim.,  while  that  of  the  extended  "  feeler  "  thus 
coiled  would  be  65  millim.  6,  and  nearly  one-third  of  the  length 
of  its  uninjured  fellow. 

Obviously,  then,  it  becomes  a  matter  of  great  importance  to  a 
creature  of  so  hostile  a  disposition  to  ensure  the  safety  of  this 
delicate  germ  of  so  important  an  organ.  I  regret  to  say  that 
some  crayfish,  in  which  I  bad  removed  the  antenna  hoping  the 
same  might  occur,  died  off  before  the  moulting  season  came 
round. 

*  Om  Huminertnia  postenCbryonaZe  udvikling,  G.  0.  Sara,  Christiana,  1874.  See 
also  "The  Early  Stages  of  the  American  Lobster,"  S.  J.  Smith  (Trans.  Car^ 
neUiciU  Acad,  of  Arts  and  Sciences,  voL  ii.  part  2,  1873). 

•  Forsog  til  en  Monogr,  fremstill,  aj  Kra^bsdyrsl  Sergestes  (S,  EdtoardsiJ,  H. 
Kroyer,  1855. 

>  *^  On  the  Reproduction  of  Lost  Parts  in  Myriapoda  and  Insecta"  (Newport 
Phil  Trans.  J  844). 
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Fig.  1,  The  ri^t  mntenna,  ahoiriag  the  raprodnciiig   "feeler"  {endopodite) 
Ed.    Ex.  the  aqoame  (expodite).    Slightly  enluged. 

a.  Actn&l  depth  at  the  spinL 

b.  Lttngth  of  the  coiled  fllament 

Fig.  2.  Portion  of  a  fnUynptodnoed  "feeler,"  showing  ita  tpiRd  twist  itiU 
eTidenL     Beduced  to  half  natont  sixe. 
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ON  THE  COMPAEATIVE  ANATOMY  OF  THE  LYM- 
PHATICS OF  THE  UTEEUS.  By  George  Hoggan, 
M.B.  (Edin.),  and  Frances  Elizabeth  Hoggan,  M.D. 
(Zurich),  M.K.Q.C.P.  Ireland.    (Plates  I.  and  IL). 

Although  nearly  two  hundred  years  have  elapsed  since  Nuck 
first  observed  the  lymphatics  on  the  peritoneal  surface  of  the 
pregnant  uterus  of  some  of  the  lower  animals,  and  the  same 
vessels  were  afterwards  studied  by  M^ry,  Mascagni,  Gruick- 
shank,  Winslow,  and  other  later  anatomists  upon  the  pregnant 
or  puerperal  uterus  of  woman,  yet  the  whole  history  of  the 
intimate  or  microscopical  investigation  into  the  lymphatics  of  the 
normal  uterus  might  be  comprised  within  the  last  twenty  years. 
During  that  short  period  no  other  organ  has  perhaps  been  made 
the  subject  of  so  many  special  researches  with  regard  to  its 
Ijonphatics ;  and  yet  the  most  important  part  of  these  are  not 
only  unknown,  and  their  existence  denied,  but  even  as  regards 
the  remainder  the  greatest  ignorance  or  misconception  exists. 
Nevertheless,  perhaps  no  organ  is  more  exposed  to  injury  and 
denudation  of  its  internal  surface  and,  consequently,  to  the 
dangers  following  morbid  absorption  from  that  denuded  surface 
than  the  uterus.  Nowhere,  therefore,  is  it  more  important  that 
the  relation  which  the  lymphatics  bear  to  that  surface  should 
be  intimately  and  completely  known.  The  disasters  so  often 
following  parturition,  clearly  shown  to  be  due  to  morbid  infec- 
tion, and  to  which  nearly  one-half  of  the  human  race  are 
exposed  at  some  period  or  other  of  their  lives,  make  our 
ignorance  of  the  channels  of  absorptipn  from  the  interior  of  the 
organ  a  scandal  to  obstetrics  in  particular,  and  to  scientiiic 
medicine  in  general 

In  our  English  text-books  the  compilers  appear  to  have 
derived  all  their  information  upon  the  present  subject  from  no 
more  modern  an  authority  than  Mascagni  Even  special 
writers  seem,  with  one  or  two  exceptions,  to  know  only  of  the 
so-called  subserous  Ijnnphatics,  a  division  which  we  shall  here- 
after show  to  belong,  both  anatomically  and  physiologically,  to 
the  musculature.  If  we  go  back  as  far  as  the  time  of  Cruickshank 
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we  are  infonned  by  that  observer  (Anatomy  of  Absorbent  Vessels, 
p.  143) :  **  In  the  gravid  uterus  (ue.,  human)  the  trunks  of  the 
absorbents  are  large  as  a  crow-quill,  and  the  vessels  so  numerous 
that  when  they  only  were  injected  with  quicksilver  one  would 
have  been  tempted  to  suppose  that  the  uterus  consisted  of 
absorbents  only.  In  the  unimpr^nated  uterus  they  are  not  so 
easily  detected,  but  when  the  viscus  has  been  injected  by  the 
arteries  and  veins,  and  has  afterwards  been  macerated  in  water 
by  putrefaction,  air  gets  into  the  absorbent  vessels  and  makes 
them  perfectly  distinct" 

Coming  down  to  our  own  day,  we  find  that  KoUiker  mentions 
only  these  subserous  lymphatics,  with  the  remark  that  "the 
lymphatics  which  prdbcMy  begin  in  the  mucosa  are  numerous, 
and  form  coarse  and  fine  networks  under  the  peritoneal 
surface." 

Chrobak,  who  writes  the  article  on  the  Uterus  in  Strieker's 
well-known  Handbook,  in  1871,  fiankly  confesses  that  ''the 
lymphatics  in  the  interior  of  the  uterus  are  as  good  as 
unknown.'' 

Sappey,  a  veteran  practical  investigator  of  the  Ijrmphatic 
system,  states  in  his  AncUomie  JDescriptive,  in  1869,  p.  761 : 
"  The  lymphatic  vessels  of  the  vesical  and  uterine  mucosa  have 
not  yet  been  injected ; "  and  again,  p.  826 :  '*  The  lymphatics  of 
the  uterus  arise  from  the  musculature  of  the  organ;  probaily 
some  come  out  of  the  uterine  mucosa^  but  on  this  last  point 
observation  has  established  nothing  up  to  the  present  time." 
Later  still,  however,  in  the  third  edition  of  his  Anatomie  Descrip- 
tive, published  in  1876,  p.  801,  Sappey,  speaking  of  the  smooth 
mucous  surfaces  which  are  destitute  of  Ijrmphatics,  says :  "  With 
the  foregoing  mucous  surfaces  we  may  include  the  mucosa  of 
the  body  of  the  uterus,  and  that  of  the  Fallopian  tubes,  upon 
which  no  one  has  ever  been  able  to  discover  any  trace  of 
lymphatics.  But  in  studying  the  vesical  and  urethral  mucosa, 
by  the  light  of  the  uusuccessful  character  of  all  the  investiga- 
tions that  have  hitherto  been  made  at  different  parts  of  their 
course,  we  find  them  differing  from  those  of  the  uterus  and  tubes 
in  the  conclusions  to  be  drawn  from  this  want  of  success.  We 
must,  in  fact,  consider  that  the  latter  are  not  so  easily  adapted 
for  this  kind  of  investigation  as  the  mucosa   of  the  urinary 
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apparatus,  that  they  have  been  very  much  less  explored  than 
these,  and  that  the  lymphatics  arise  in  great  numbers  from  the 
body  of  the  uterus.  Now,  there  is  nothing  to  prove  that  they 
do  not  come,  in  part  at  least,  from  the  sides  of  its  cavity ;  that 
is  to  say,  from  the  mucosa  which  lines  it.  Far  from  denying 
their  existence  in  the  thickness  of  that  mucosa,  I  believe,  on  the 
contrary,  that  it  is  very  probable.  Thus,  while  the  latest 
scientific  researches  appear  to  promise  nothing,  on  the  other 
hand  they  permit  us  to  hope  for  better  results." 

In  1867  an  article  appeared  on  the  structure  of  the  uterus  by 
Hjalmar  lindgren,  which  deserves  especial  notice,  for  several 
reasons.  It  is  written  in  Swedish,  and  published  in  the 
MedidTidct  Archiv  of  the  Garolinska  Institute  of  Stockholm,  and 
although  apparently  well  known  to  the  Germans,  not  a  single 
copy  seemd  to  exist  in  London,  where  all  the  principal  and 
scientific  libraries  were  ransacked  for  it  in  vain.  It  was  only  by 
the  kindness  and  careful  searching  of  our  friend,  the  late  Pro- 
fessor Geoigii,  at  Stockholm,  that  we  were  able  to  procure  a  copy 
of  the  article.^  To  the  whole  history  and  question  of  the  lym- 
phatics Lindgren  devotes  scarcely  two  pages,  but  he  gives  draw- 
ings of  lymphatics,  most  of  which  are  apparently  incorrect,  one  of 
which,  however,  bears  the  stamp  of  truth,  and  deserves  greater 
consideration  than  Lindgren  has  bestowed  upon  it.  This  is  to 
be  foimd  in  the  centre  portion  of  fig.  1,  Plate  IV.,  which  repre- 
sents what  are  virtually  only  blue  casts  of  small  portions  of  the 
lymphatics  of  the  mucosa  of  the  neck  of  the  uterus;  but  as 
neither  cells,  vessels,  glands,  nor  other  tissues  are  represented, 
one  is  left  to  guess  the  relationship  these  lymphatics  bore  to 
the  tissues  in  which  they  are  supposed  to  lie.  And  yet  we 
believe  that  little  portion  partly  to  bear  out  Lindgren's  claim 
that  they  are  portions  of  the  lymphatics  of  the  mucosa  of  the 
neck,  as  stated  in  his  modest  conclusion,  p.  36  :  ''  On  the  lining 
mucous  membrane  the  lymphatics  extend  themselves  principally 
upon  the  mucous  membrane  of  the  neck  of  the  womb.  I  have 
not  succeeded  in  making  a  true  injection  of  the  lymphatics  of 
the  body  of  the  womb."  Unfortunately  for  Lindgren's  claim,  he 
gives  in  fig.  2  of  the  same  plate  a  much  enlarged  drawing  of  two 

*  This  copy  has  now  been  deposited  hy  us  in  the  library  of  the  Royal  College 
of  Sui|;eon8  of  England. 
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of  these  injected  lymphatics,  with  their  relation  to  the  branched 
connectiYe  tissue  cells  of  the  locality,  and  shows  in  this  drawing 
the  blue  injection  passing  from  the  caYities  of  the  supposed 
lymphatics  along  the  caYities  in  which  the  branched  cells  of  the 
connectiYe  tissue  are  supposed  to  lie,  as  bearing  out  the  theory 
that  the  origins  of  these  lymphatics  are  in  these  cavities.  There 
is  no  doubt  that  this  drawing  is  copied  correctly  from  the 
original,  but  it  shows  also  in  the  clearest  manner  possible  that 
the  whole  injection  there  is  a  mistake — ^an  artificial  production 
which  can  easily  be  repeated  and  recognised  by  a  method 
already  explained  by  us  in  this  Journal 

In  short,  it  is  evident  that  at  one  part  Lindgreu  has  hit  a 
lymphatic,  but  he  has  so  far  missed  his  good  fortune  as  after- 
wards to  offer  an  artificial  production  as  his  typical  example, 
under  high  power,  of  a  lymphatic  in  its  relations  to  the 
branched  cells  of  the  part,  while  of  its  relations  to  other  tissues, 
or  even  its  precise  locality,  he  says  nothing.  It  is  evidently 
such  considerations  which  cause  Leopold,  in  his  special  article 
written  five  years  afterwards,  to  reject  entirely  all  Lindgren's 
conclusions  and  figures,  although  ftey,  in  his  Histology,  1870 
edition,  accepts  Lindgren's  conclusions  as  far  as  regards  the  neck 
of  the  uterus,  adding  (p.  540) :  "  While  for  the  lymphatics  of  the 
mucosa  of  the  body  of  the  uterus  further  investigations  are 
necessary."  These  further  investigations  were  shortly  after- 
wards undertaken  by  Leopold,  who  also  (apparently  for  the  first 
time)  investigated  the  course  of  the  lymphatics  of  the  muscula- 
ture of  the  organ.  His  article,^  as  the  last  and  most  complete 
one  on  the  general  lymphatic  system  in  the  normal  uterus,  will 
be  specially  and  constantly  referred  to  by  us;  but  as  we 
disagree  with  by  far  the  greater  part  of  his  views,  we  shall 
merely  quote  for  the  present  his  conclusions  on  the  lymphatics 
of  the  mucosa,  which  are  remarkable  as  coming  after  those  of 
Lindgren,  and  with  the  results  of  that  investigator  before  him. 
At  p.  31  he  gives  the  following  conclusion  strongly  empha- 
sized : — "  The  results  of  my  investigations  are  as  follow :  In  the 

MUCOSA  OF  THE  UTERUS  OF  THE  AFORE-MENTIONED  ANIMALS  {i.e., 

sheep,  swine,  rabbits,  &c.)  and  of  women,  the  lymphatics  are 

^  '*  Die  Lympbgefasse  des  nonnalen,  nicht  schwaDgeren  Uterus,"  im  Archivfv/r 
Gyncekoloffie,  B.  6,  fiir  1874,  p.  1. 
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NOT,  AS  IN  THE  SUBSEROSA  AND  MUSCULAMS,  TRUE  ROUND  VESSELS, 
BUT  IN  THE  MUCOSA  THERE  IS  A  COLOSSAL  SYSTEM  OF  CAYITIBS  OR 
HOLLOW  SPACES  (LYMPH-SPACES),  WHICH  EXTEND  FROM  THE 
EPITHEIJAL  LINING  OF  THE  UTERUS  TO  THE  LYMPHATICS  OF  THE 
MUSCULARIS,  the  frame-work  of  THE  MUCOSA  BEING  FORMED  BY 
BLOOD-VESSELS,  GLANDS,  AND  CONNECTIVE  TISSUE  ELEMENTS.      Or, 

in  other  words,  the  lUerine  mucosa  is  to  he  conside^'ed  as  a  spread- 
out  lymph  gland,  permeated  by  glands  and  blood-vessels — a  super- 
ficial covering  of  lymphatic  gland  tissue,  which  possesses  eonseqiLeiUly 
no  special  lymphatic  vessels,  but  consists  of  hoUow  cavities  (lymphr- 
sinuses)  lined  by  an  endothelium"  We  shall  afterwards  explain 
but  not  repeat  the  above  remarkable  conclasion. 

About  and  before  this  time  appeared  two  other  articles,  which 
we  mention  only  to  show  that  we  have  not  forgotten  them. 
One  of  them  is  a  work  in  Russian,*  by  Fridolin,  which  we  have 
failed  to  obtain,  as  it  does  not  seem  to  exist  in  any  scientific 
library  in  London,  all  of  which  have  been  searched  for  it.  We 
are  therefore  forced  to  rely  on  a  reviewer's  (Schwalbe's)  abstract 
of  it,  which  states  that  "  Fridolin  has  not  specially  followed  the 
lymphatics  into  the  mucosa ;  nevertheless,  he  has  made  this 
much  certain,  that  the  lymphatics  which  come  upon  the  surface 
{i.e,,  peritoneal)  from  the  deeper  structures,  have  their  special 
origin  in  the  mucosa."  Well  may  Leopold  ask  with  amazement 
how  so  certain  a  conclusion  could  be  found  if  he  had  never 
followed  the  lymphatics  into  the  mucosa. 

The  second  work  we  referred  to  is  by  Dr  Lucas  Cham- 
pionniere.^  These  writings  have  obtained  much  prominence, 
both  in  France  and  in  one  of  the  ablest  English  text-books  on 
Obstetric  Anatomy,  but  for  what  reason  it  is  difficult  to  say.  In 
his  earlier  writings  the  author  specially  gives  his  attention  to 
Lymphangitis,  and  grafts  upon  this  some  specidative  opinions 
about  the  lymphatics.  Thus  he  states,  at  p.  12:  "All  the 
lymphatics  begin  equally  in  the  muscular  tissue  and  the  mucous 
surface.  AUhxmgh  here  direct  demonstration  is  imperfect,  we  have 
a  right  to  expect,  from  the  development  of  these  vessels  pa/rallel  to 

'  ^*  On  the  Lympliatics  of  the  Pregnant  Uteras,"  JownnU  of  Military  Surgery, 
St  Petersburgh,  115  Division,  part  ii.  p.  105. 
^  LymphtUiques  UUrines  et  LymphangiU  UUrifu,  Paris,  1870 ;   Lea  LymphU' 
-'48  UUrines  et  leur  rdle,  Paris,  1875. 
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those  of  the  placenta,  their  presence  and  their  aiundance  in  the 


mucosa!^ 


The  easily- written  sentences  which  we  have  quoted  from  the 
two  last-named  authors  are  samples  of  the  guesses  by  which 
non-investigating  writers  continually  seek  to  discount  the  future 
ascertained  facts  of  investigators.  From  the  text  and  drawings 
of  Dr  Championni^re's  work  it  appears  that  his  field  of  investi- 
gation was  the  superficial  or  subperitoneal  and  pus-fiUed  lym- 
phatics of  half-contracted  uteri  of  fatal  parturitions.  Some  of 
these  he  endeavoured,  but  failed,  to  fill  completely  with  quick- 
silver, and  these  partial  puro-mercurial  distended  localities 
furnished  him  with  the  above  information. 

In  his  later  brochure,  written  after  the  publication  of  Leopold's 
article,  Dr  Championniire  takes  credit  for  certain  of  his  pre- 
dictions, which  Leopold  had  verified,  and  continues  to  form 
elaborate  deductions  from  the  presence  of  stomata  and  similar 
mythical  structures. 

Finally,  we  have  to  direct  attention  to  the  last  special  research 
on  our  present  subject,  an  article  by  Dr  Yladislas  Mierzejewski 
on  the  ''Subserous  Lymphatics  of  the  Uterus."  ^  This  little  research 
has  been  apparently  conducted  principally  on  the  normal  uterus 
of  the  sheep,  and  is  illustrated  by  a  plate,  which  appears  to  be 
perfectly  correct  and  natui*aL  The  writer  specially  draws 
attention  (p.  216)  ''to  the  extTeme  richness  of  the  subserous 
portion  of  the  uterus  in  lymphatic  vessels/'  This,  although 
partially  true  of  the  sheep,  would  give  a  very  incorrect  idea 
in  relation  to  comparative  anatomy,  for  in  the  mare  not  one 
lymphatic  is  to  be  seen  in  that  locality,  and  in  most  animals  the 
supply  is  extremely  irregular,  plentiful  at  one  place,  and  per- 
haps altogether  absent  from  the  rest  of  the  subserous  surface. 
To  this,  however,  we  shall  afterwards  recur,  remarking  merely 
in  the  meantime  that  Mierzejewski's  drawings  are  more  accept- 
able to  us  than  his  conclusions,  insomuch  that  we  feel  inclined 
to  appeal  to  the  former  to  disprove  the  latter. 

Of  the  foregoing  historical  sketch  we  have  now  to  remark 
that  all  the  conclusions  were  obtained  by  injecting,  or  attempt- 
ing to  inject,  the  lymphatics  with  mercurial  or  coloured  injection 
masses.    Leopold,  in  one  case,  gives  a  drawing  from  an  injection 

'  J&wmaX  de  VAnatomie^  1879,  p.  201. 
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of  silver  solution ;  and  both  he  and  Mierzejewski  show  lymphatic 
endothelium  treated  by  silver.  None,  however,  show  distinct 
lymphatic  vessels  obtained  by  imbibition  of  silver  solution ;  and 
in  certain  cases  the  latter  repudiates  the  process.  We,  however, 
have  obtained  nineteen-twentieths  of  our  results  by  imbibition 
with  salts  of  silver.  Specimens  thus  prepared  gave  fairly 
satisfactory  results,  aa  those  who  have  seen  our  preparations  and 
the  photographs  taken  directly  from  those  preparations  under  the 
microscope,  when  exhibited  at  the  Obstetrical  Society  on  the 
12th  of  January  1881,  will  be  able  to  testify. 

According  to  our  hitherto  almost  invariable  custom,  we  took 
the  opportunity  of  there  submitting  the  drawings  which  illustrate 
this  research,  for  comparison  with  the  preparations  from  which 
they  had  been  taken,  along  with  a  very  short  account  of  the  pro- 
gress already  made.     At  that  time  our  studies  were  so  far 
incomplete  that  we  had  not  had  an  opportunity  of  applying  our 
methods  to  the  still  living  tissues  of  the  human  uterus.    We  had 
indeed  been  able  to  verify  by  modified  injection  the  similarity 
existing  between  the  lymphatics  of  the  mucosa  of  the  human 
uterus  with  those  of  the  uteri  of  some  of  the  lower  animals,  and 
more  especially  with  that  of  the  mare ;  but  we  had  not  been 
able  to  obtain  a  human  uterus  so  shortly  after  death  that  we 
could  make  a  superficial  preparation  of  the  mucosa  by  the 
method  of  silver  imbibition,  which  would  show  the  exact  rela- 
tions of  the  lymphatics  with  the  blood-vessels,  glands,  and 
general  cell-elements  of  the  locality.    It  was  for  this  reason 
that  we  only  gave  a  short  risrnnA  of  the  progress  we  had  made, 
reserving  ourselves  for  a  future  occasion,  when  we  should  be 
able  to  include  the  results  of  our  methods  on  the  human  uterus 
in  our  more  complete  account.    In  the  meantime,  many  of  our 
obstetrical  brethren  promised  to  procure  for  us,  if  occasion 
offered,  a  fresh  human  uterus ;  but  as  more  than  six  months 
have  elapBed  since  then  without  any  such  occasion  offering 
itself,  we  deem  it  advisable  to  present  our  interim  account,  even 
with  the  incompleteness  referred  to,  accompanied  by  the  present 
explanation  of  the  cause  of  it 

Hitherto  it  has  been  the  practice  in  treating  of  the  lymphatics 
of  the  uterus  to  separate  these,  for  the  sake  of  convenience,  hjrpo- 
thetically  into  three  divisions,  corresponding  to  the  anatomical 
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structure  of  the  uterus.  Thus  we  have  had  those,  1st,  of 
the  subserosa ;  2d,  of  the  muscularis ;  3d,  of  the  mucosa.  We 
have  already  intimated  that  the  first  belong,  both  anatomically 
and  physiologically,  to  the  lymphatics  of  the  outer  surface  of 
the  longitudinal  layer  of  muscle,  and  not  to  the  subserous  tissue. 
Consequently  we  have  to  divide  these  lymphatics  into  only  two 
divisions:  1st,  those  of  the  muscularis  ;  2d,  those  of  the  mucosa ; 
leaving  altogether  out  of  consideration  those  of  the  subserosa  as 
a  separate  division.  Before  directing  special  attention  to  either, 
it  may  be  advisable  that  we  should  first  give  a  description  of  the 
iechniqiie  employed  by  us  in  the  preparation  of  the  various 
tissues  of  the  organ  in  the  different  classes  of  the  Mammalia  to 
which  we  have  given  our  attention. 

We  have  stated  already  that  to  our  knowledge  no  investiga* 
tion  into  the  lymphatics  of  the  uterus  had  been  made  as  yet  by 
silver  imbibition.  It  was  consequently  our  first  object,  in 
endeavouring  to  utilise  that  method,  to  devise  a  suitable  tech- 
nique for  our  purpose ;  and,  after  many  trials,  we  arrived  at  a 
very  simple  one,  which  can  be  explained  in  few  words.  As  in 
the  great  majority  of  the  Mammalia,  the  uterus  is  formed  of 
very  distinct  layers  of  different  tissues,  it  was  evident  that  the 
arrangement  of  the  lymphatics  would  almost  certainly  be  in 
planes  parallel  to  the  layers  or  surfaces ;  and  we  considered  that 
they  ought  to  be  specially  investigated  as  such,  a  course  which 
had  not  hitherto  been  employed,  only  transverse  sections  having 
been  studied,  in  addition  to  the  appearances  given  by  the  injec- 
tions on  the  outer  and  inner  surfaces  of  the  organ.  Stated 
generally,  our  plan  was  as  follows : — In  the  case  of  all  animals, 
whether  of  the  size  of  a  mare  or  of  a  mouse,  the  uterus  having 
been  extracted  was  laid  open  alternately,  either  along  its  attached 
or  free  border,  and  the  tissue  distended  as  a  membranous  sheet. 
When  the  uterine  wall  was  thin  enough  to  be  transparent,  it 
was  at  once  mounted  on  our  histological  rings,  and  the  surface 
of  the  mucosa  denuded  of  its  epithelium  and  mucus  by  shaving 
it  with  a  sharp  scalpel  to  a  greater  or  less  depth,  according  to 
the  animal  class  which  it  belonged  to.  This  having  been  done, 
a  one  per  cent  solution  of  nitrate  of  silver  was  quickly  poured 
upon,  and  as  quickly  poured  off,  one  or  both  sides  of  the  tissue, 
as  considered  advisable.    After  a  few  minutes'  exposure  to  a  dull 
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light  this  was  carefully  washed,  and  a  one  per  cent,  solution  of 
chloride  of  gold  allowed  to  remain  in  contact  with  the  washed 
surface  or  surfaces  for  a  couple  of  minutes.  Then  the  membrane 
was  washed  and  exposed  to  light  until  the  desired  reaction  had 
taken  place.  This  would  be  verified  by  continual  examination 
under  the  microscope  of  the  tambourine  membrane  thus  formed. 
If  successful,  it  could  be  clarified  in  the  usual  way  with  alcohol 
and  oil  of  cloves,  the  disc  excised,  and  mounted  as  a  permanent 
preparation. 

In  addition,  however,  to  the  foregoing  general  directions, 
almost  every  class  or  size  of  animal  requires  special  precautions 
or  manipulations,  for  there  are  the  widest  possible  differences  in 
the  arrangement  of  the  tissues  in  the  different  classes  of  animals, 
and  some  of  these  must  be  mentioned  seriatim.  Let  us  take  for 
example  the  uterus  of  a  mare  or  ass,  with  a  wall  too  thick  to 
be  transparent.  In  such  a  case  the  uterus,  having  been  laid 
open,  is  tightly  stretched  across  a  wooden  board  by  nails  inserted 
at  the  edges  of  the  sheet.  With  a  very  sharp-pointed  scalpel 
the  mucosa  can  be  easily  dissected  off  the  musculature,  some 
little  care  being  taken  not  to  cause  undue  distension  or  injury  to 
it  whUe  dissecting  it  off.  If  this  is  skilfully  done  it  will  be 
found  unnecessary  to  cut  the  surface,  but  one  may  simply  snip 
across  with  the  point  the  vessels  which  here  and  there  pass 
from  the  musculature  to  the  mucosa,  and  attach  the  two  together. 
When  a  sufficiently  large  sheet  of  the  mucosa  has  been  dissected 
off  (being  grasped  by  the  fingers  merely  at  the  edges  without 
touching  the  surface  of  the  centre  of  the  sheet)  it  is  gently  laid 
upon  the  lower  of  the  pair  of  histological  rings  (which  may  be 
2  inches  in  diameter),  and  the  upper  ring  is  gently  applied  and 
forced  upon  the  lower,  taking  care  not  to  tear  the  delicate  mem- 
brane, the  epithelial  surface  of  which  must  be  uppermost,  which 
is  thus  stretched  like  the  head  of  a  tambourine  upon  it.  The 
mounted  portion  may  now  be  severed  from  the  rest  of  the  sheet. 

It  is  to  be  particularly  observed,  in  the  present  case  of  the 
chevaline  race,  to  scrape  the  epithelial  surface  of  the  mucosa 
with  the  utmost  care  and  lightness,  only  apparently  sufiSiciently 
to  get  rid  of  the  mucus  lying  upon  the  surface,  for  the  lymphatic 
vessels  lie  and  ramify  so  closely  beneath  the  lining  epithelium 
that  the  cells  of  that  one  layer  can  scarcely  be  removed  suffi- 
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ciently  to  allow  the  silver  solution  to  penetrate  more  deeply,  with- 
out injuring  at  the  same  time  the  crenated  ceUs  forming  the 
endothelial  wall  of  the  more  superficial  lymphatics.  The  shape 
and  arrangement  of  the  glands,  lymphatics,  blood-vessels,  &c.,  of 
the  mare  are  widely  different  from  those  of  most  other  animals, 
and  approach  nearer  to  those  of  the  human  uterus  than  those  of 
any  Mammalian  class  lower  than  the  monkey.  For  that  reason 
we  shall  give  more  prominence  to  them  in  the  following  pages. 

When  the  epithelium  and  mucus  of  the  outer  surface  has  thus 
been  lightly  and  carefully  removed,  the  silver  and  gold  solutions 
are  to  be  equally  applied  to  both  surfaces  of  the  tambourine 
membrane,  and  thus  a  complete  and  beautiful  demonstration  of 
the  lymphatics,  as  they  appear  differentially  on  the  two  surfaces, 
may  very  readily  be  obtained.  Of  these  drawings  are  given  in 
%s.  1  and  2,  both  being  drawn  under  the  same  low  power  of 
the  microscope.  Without  going  at  present  into  a  minute  descrip- 
tion of  the  character  and  relations  of  these  Ijrmphatlcs,  we  may 
add  that  while  the  same  methods  of  preparation  are  applied  to 
the  uteri  of  cows,  sheep,  and  goats,  the  scraping  or  shaving  of  the 
surface  of  the  mucosa  must  be  very  deep  and  effectual  in  them 
before  we  can  arrive  at  the  more  superficial  lymphatics  of  the 
mucosa ;  in  other  words,  the  most  opposite  treatment,  as  far  as 
removal  of  the  surface  is  concerned,  must  be  applied  respectively 
to  the  mucosa  of  such  animals  as  the  goat  and  the  mara 

The  mucosa  having  been  carefully  dissected  off  and  disposed 
of  as  described,  the  remainiDg  portion  of  the  uterine  wall  may 
be  unnailed  and  treated  in  the  same  way,  when  a  separate 
arrangement  or  layer  of  lymphatics  will  be  found  lying  on  the 
mucosa  side  of  the  musculature,  and  the  subserous  surface  may 
be  equally  prepared  in  portions  of  the  same  uterine  wall,  but  in 
the  mare  no  lymphatics  will  be  demonstrated  within  the  sub- 
serosa.  In  other  cases  it  will  be  found  possible  and  advisable 
to  dissect  the  inner  circular  layer  off  the  outer  longitudinal  layer 
of  muscle,  and  to  treat  the  respective  surfaces  with  silver,  &c., 
which  will  complete  the  demonstration  of  the  whole  of  the 
lymphatics  of  the  organ. 

When  the  uteri  of  smaller  mammals  are  to  be  examined, 
other  precautions  are  necessary,  more  especially  as  the  muscula- 
ture is  apt  to  contract  to  such  an  extent  on  exposure  to  the  air 
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that,  without  special  manipulation,  it  is  impossible  to  distend 
the  uterine  wall  on  the  histological  rings.  In  the  case  of  the 
mouse,  whose  unimpregnated  uterus  is  so  delicate  and  small  that 
it  cannot  well  be  placed  on  rings  at  all,  it  will  generally  be 
found  advisable  to  distend  the  organ  with  air  bj  means  of  an 
injecting-nozzle  or  canula  fastened  into  the  vagina.  When  thus 
distended  and  ligatured  at  the  neck  and  Fallopian  tubes,  the 
organ  may  be  treated  externally  with  the  solutions  of  silver  and 
gold,  and  clarified  with  glycerine  before  being  opened  into. 
This,  however,  will  at  most  only  show  the  arrangements  of  the 
outer  portion  of  the  organ.  For  the  inner  surface  it  had  better 
be  laid  upon  a  thin  dry  sheet  of  cork,  and  the  uterine  tube  hav- 
ing been  laid  open  by  a  pair  of  fine-pointed  forceps  is  spread 
out  carefully  upon  the  cork,  to  which  the  peritoneal  surface 
adheres  sufficiently  to  allow  the  mucous  surface  to  be  denuded, 
treated  with  the  solution,  and  fixed  and  clarified  in  glycerine. 
For  the  pregnant  uterus  of  the  mouse  at  term,  and  for  the  unim- 
pregnated uteri  of  rabbits,  guinea  pigs,  &c.,  other  precautions  are 
necessaiy ;  and  the  following  plan  is  of  very  general  and  satis- 
factory application.  In  a  slab  of  cork  (a  piece  of  an  ordinary  cork 
sole  is  what  we  always  use)  circular  holes  are  cut  that  admit  of 
the  passage  of  the  respective  sized  histological  rings  through 
them.  Choosing  a  ring  of  a  suitable  size,  the  portion  of  pregnant 
uterus  containing  one  foetus  is  laid  across  the  corresponding 
sized  orifice  in  the  cork  slab,  and  fixed  at  each  end  by  small 
pins.  With  fine  pointed  scissors  a  small  incision  is  made  into 
the  distended  bag,  at  each  extremity,  which  is  then  pinned  out 
on  either  side  of  the  originally  fixed  pins,  and  in  this  way,  by 
cutting  and  pinning  a  small  portion  alternately,  the  whole  uterine 
wall  may  be  stretched  across  the  hole  in  the  cork  slab.  The 
lower  ring  may  now  be  applied  from  below  the  slab  upon  the 
stretched  out  tissue,  the  upper  ring  fixed  upon  it,  the  pins  taken 
out,  and  the  whole  tambourine  removed  by  pushing  it  up  through 
the  hole  in  the  cork,  when  it  can  be  treated  as  before  described. 
This  use  of  the  cork  slab  is  very  convenient,  as  it  dispenses  with 
the  help  of  an  assistant,  which  is  often  necessary  to  keep  a  con- 
tractile membrane  distended  upon  the  lower  ring  while  the  upper 
ring  is  being  affixed  to  it.  With  the  application  of  the  various 
modified  manipulations  we  have  enumerated,  the  various  tissues 
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of  the  oigan  in  question  may  be  prepared  in  almost  all  classes 
of  animals. 

Sometimes^  instead  of  the  circular  histological  rings  we  have 
80  often  referred  to,  we  use  narrow  oblong  arrangements  of  the 
same  nature,  with  corresponding  oblong  holes  in  the  slab  of 
cork.  These  are  particularly  suitable  for  the  narrow  elongated 
Dteri  of  rats,  rabbits,  &c.  We  have  recommended  that  the  organ 
should  be  sometimes  opened  out  along  its  attached  border, 
sometimes  along  the  free  border.  This  is  advisable  from  the 
fact  that  there  is  often  a  great  difference  between  the  arrange- 
ments of  the  glands,  lymphatics,  &c.,  at  these  opposite  points  on 
the  tube,  due  apparently  to  the  fact  that  the  placenta  in  some  of 
the  lower  animals  without  cotyledons  is  attached  as  a  rule 
against  the  attached  border  only. 

In  order  to  understand  the  comparative  general  arrangement 
of  the  lymphatics  of  the  oigan,  we  must  begin  our  study  with 
the  simplest  forms  in  the  smallest  mammals,  and  pass  gradually 
to  the  more  complex  forms  in  the  larger  mammals,  and  to  the 
more  minute  arrangements  in  the  special  tissues  and  layers. 
Beginnii^,  therefore,  in  the  mouse,  and  passing  backwards 
against  the  lymphatic  stream,  we  find  one  or  two  large  efferent 
lymphatic  trunks  accompanying  the  main  arteiy  and  vein  within 
the  broad  ligament,  lying  nearly  parallel  to  the  respective  horn 
of  the  uterus,  or  approaching  gradually  nearer  to  it  at  its 
extremity.  From  this  main  lymphatic  branches  pass  off  nearly 
at  right  angles,  generally  accompanying  corresponding  branches 
of  the  artery  or  vein  passing  directly  to  the  uterus.  As  soon  as 
these  lymphatics  reach  the  uterine  tube,  they  (unlike  their 
behaviour  on  the  intestinal  tube)  at  once  pierce  the  outer  longi- 
tudinal layer  of  muscle,  and  divide  into  two  or  three  main 
branches,  which  pass  respectively  on  either  side  of  the  tube,  and 
after  running  parallel  to  the  fibres  of  the  inner  or  circular 
muscular  coat,  but  at  right  angles  to  the  fibres  of  the  outer 
layer,  they  finally  anastomose  at  the  unattached  border  of  the 
uterine  tube.  While  coursing  circularly  round  the  tube,  between 
the  muscular  layers,  many  branches  are  given  off  nearly  at  right 
angles  to  the  main  vessels  which  ramify  between  the  layers. 
Other  branches  pierce  the  longitudinal  outer  layer,  and  after  a 
short  course  on  the  subserous  aspect  of  that  layer,  again  pass 
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apparatus,  that  they  have  been  very  much  less  explored  than 
these,  and  that  the  lymphatics  arise  in  great  numbers  from  the 
body  of  the  uterus.  Now,  there  is  nothing  to  prove  that  they 
do  not  come,  in  part  at  least,  from  the  sides  of  its  cavity ;  that 
is  to  say,  from  the  mucosa  which  lines  it.  Far  from  denying 
their  existence  in  the  thickness  of  that  mucosa,  I  believe,  on  the 
contrary,  that  it  is  very  probable.  Thus,  while  the  latest 
scientific  researches  appear  to  promise  nothing,  on  the  other 
hand  they  permit  us  to  hope  for  better  results." 

In  1867  an  article  appeared  on  the  structure  of  the  uterus  by 
Hjalmar  Lindgren,  which  deserves  especial  notice,  for  several 
reasons.  It  is  written  in  Swedish,  and  published  in  the 
Medidnakt  Archiv  of  the  Carolinska  Institute  of  Stockholm,  and 
although  apparently  well  known  to  the  Oermans,  not  a  single 
copy  seemd  to  exist  in  London,  where  all  the  principal  and 
scientific  libraries  were  ransacked  for  it  in  vain.  It  was  only  by 
the  kindness  and  careful  searching  of  our  friend,  the  late  Pro- 
fessor Georgii,  at  Stockholm,  that  we  were  able  to  procure  a  copy 
of  the  article.^  To  the  whole  history  and  question  of  the  lym- 
phatics Lindgren  devotes  scarcely  two  pages,  but  he  gives  draw- 
ings of  lymphatics,  most  of  which  are  apparently  incorrect,  one  of 
which,  however,  bears  the  stamp  of  truth,  and  deserves  greater 
consideration  than  Lindgren  has  bestowed  upon  it.  This  is  to 
be  found  in  the  centre  portion  of  fig.  1,  Plate  IV.,  which  repre- 
sents what  are  virtually  only  blue  casts  of  small  portions  of  the 
lymphatics  of  the  mucosa  of  the  neck  of  the  uterus;  but  as 
neither  cells,  vessels,  glands,  nor  other  tissues  are  represented, 
one  is  left  to  guess  the  relationship  these  lymphatics  bore  to 
the  tissues  in  which  they  are  supposed  to  lie.  And  yet  we 
believe  that  little  portion  partly  to  bear  out  lindgren's  claim 
that  they  are  portions  of  the  lymphatics  of  the  mucosa  of  the 
neck,  as  stated  in  his  modest  conclusion,  p.  36  :  ''  On  the  lining 
mucous  membrane  the  lymphatics  extend  themselves  principally 
upon  the  mucous  membrane  of  the  neck  of  the  womb.  I  have 
not  succeeded  in  making  a  true  injection  of  the  lymphatics  of 
the  body  of  the  womb."  Unfortunately  for  lindgren's  claim,  he 
gives  in  fig.  2  of  the  same  plate  a  much  enlarged  drawing  of  two 

^  This  copy  hu  now  been  deposited  by  xis  in  the  library  of  the  Royal  College 
of  Surgeons  of  £nglan<L 
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of  these  injected  lymphatics,  with  their  relation  to  the  branched 
connectiye  tissue  cells  of  the  locality,  and  shows  in  this  drawing 
the  blue  injection  passing  from  the  cavities  of  the  supposed 
lymphatics  along  the  cavities  in  which  the  branched  cells  of  the 
connective  tissue  are  supposed  to  lie,  as  bearing  out  the  theory 
that  the  origins  of  these  lymphatics  are  in  these  cavities.  There 
is  no  doubt  that  this  drawing  is  copied  correctly  from  the 
original,  but  it  shows  also  in  the  clearest  manner  possible  that 
the  whole  injection  there  is  a  mistake — ^an  artificial  production 
which  can  easily  be  repeated  and  recognised  by  a  method 
already  explained  by  us  in  this  Journal. 

In  short,  it  is  evident  that  at  one  part  lindgreu  has  hit  a 
Ijonphatic,  but  he  has  so  far  missed  his  good  fortune  as  after- 
wards to  offer  an  artificial  production  as  his  typical  example, 
under  high  power,  of  a  lymphatic  in  its  relations  to  the 
branched  cells  of  the  part,  while  of  its  relations  to  other  tissues, 
or  even  its  precise  locality,  he  says  nothing.  It  is  evidently 
such  considerations  which  cause  Leopold,  in  his  special  article 
written  five  years  afterwards,  to  reject  entirely  all  Lindgren's 
conclusions  and  figures,  although  Frej,  in  his  Histology,  1870 
edition,  accepts  Lindgren's  conclusions  as  far  as  regards  the  neck 
of  the  uterus,  adding  (p.  540) :  "  While  for  the  Ijrmphatics  of  the 
mucosa  of  the  body  of  the  uterus  further  investigations  are 
necessary."  These  further  investigations  were  shortly  after- 
wards undertaken  by  Leopold,  who  also  (apparently  for  the  first 
time)  investigated  the  course  of  the  Ijnoiphatics  of  the  muscula- 
ture of  the  organ.  His  article,^  as  the  last  and  most  complete 
one  on  the  general  lymphatic  system  in  the  normal  uterus^  will 
be  specially  and  constantly  referred  to  by  us;  but  as  we 
disagree  with  by  far  the  greater  part  of  his  views,  we  shall 
merely  quote  for  the  present  his  conclusions  on  the  lymphatics 
of  the  mucosa,  which  are  remarkable  as  coming  after  those  of 
Lindgren,  and  with  the  results  of  that  investigator  before  him. 
At  p.  31  he  gives  the  following  conclusion  strongly  empha- 
sized : — "  The  results  of  my  investigations  are  as  follow :  In  the 

MUCOSA  OF  the  UTERUS  OF  THE  AFORE-MENTIONED  ANIMALS  (i.e., 

sheep,  swine,  rabbits,  &c.)  and  of  women,  the  lymphatics  are 

^  '*  Die  Lymphgefasse  dee  normalen,  nicht  schwangeren  Uterus,"  im  Archyvfwr 
Oyncekologie,  B.  6,  fur  1874,  p.  1. 
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These  longitudinal  sinuses  or  ditches  are  the  true  collecting 
lymphatics  of  the  organ,  and  the  increase  they  have  undei^ne, 
both  in  calibre  and  length,  is  perhaps  the  best  marked  change 
caused  by  pregnancy  in  any  part  of  the  lymphatic  system  of  the 
organ.  These  sinuses  are  similar  in  position  and  function  to  the 
parallel  drains  dug  along  the  slopes  of  a  tilled  field,  joining,  at 
right  angles,  the  main  drain  which  lies  at  the  lowest  side  of  the 
field,  that  main  drain  being  represented  in  the  uterus  by  the 
huge  valved  efferent  lymphatics  which  lie  one  on  each  side  of 
the  main  arterial  and  venous  trunks  which  encircle  the  organ, 
between  the  muscular  layers. 

Notwithstanding  the  great  increase  in  the  size  of  these  lym- 
phatics, there  is  no  addition  of  any  strengthening  elements  to 
their  walls.  Both  in  the  pregnant  and  non-pregnant  states, 
these  walls  consist  only  of  the  one  layer  of  crenated  endothelium, 
without  any  njuscle  fibres  whatsoever.  In  the  pregnant  mouse, 
the  outer  muscular  layer  is  so  thin  that  these  collecting  and 
efferent  lymphatics  can  often  be  made  evident  from  the  outer 
side  of  the  longitudinal  layer,  if  the  serous  endothelium  have 
been  previously  removed  in  order  to  permit  the  silver  solution  to 
penetrate  through  the  layer  and  make  the  lymphatics  evident 
When  we  reach  an  animal  the  size  of  the  pregnant  guinea  pig, 
this  is  no  longer  possible,  but  here  we  observe  great  lozenge- 
shaped  gaps  between  the  bundles  of  muscle  forming  the  outer 
longitudinal  layer.  In  many  cases,  the  whole  of  the  floor  of  such 
gaps  appears  to  be  filled  by  a  lymphatic  vessel  large  enough  to 
occupy  the  whole  field  of  the  microscope  under  a  power  of  fifty 
diameters.  In  fact,  the  gap  seems  paved  with  crenated  lym- 
phatic endothelium,  which  is  really  the  wall  of  an  intermuscular 
lymphatic,  made  evident  in  consequence  of  the  separation  of  the 
special  muscular  bundles  in  the  longitudinal  layer  caused  by  the 
great  distension  undergone  during  the  progress  of  pregnancy. 

It  may  give  us  an  idea  of  the  physiological  importance,  as  a 
whole,  of  the  uterine  lymphatics,  to  compare  them  with,  the 
lymphatics  of  similar  hollow  organs  in  the  same  animal,  as,  for 
example,  the  ileum,  which  in  general  appearance  and  anatomical 
structure  (barring  the  villi)  much  resembles  the  uterine  comua. 
Tracing,  in  the  case  of  the  ileum,  the  efferent  lymphatics  of  the 
mesentary  backwards,  we  find  that  these,  on  reaching  the  intes- 
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tine,  divide  into  two  or  more  laige  branches,  which,  passing  up 
equally  on  either  side  of  the  intestiae,  but  lying  as  great  streatns 
in  Vie  sfubserosa,  there,  after  spreading  like  a  tree,  divide  into 
numerous  branches  which  pierce  both  layers  of  muscle,  to  join 
the  colossal  system  of  comparatively  less  valvular  lymphatic 
vessels  lying  in  the  mucosa.  Between  the  two  layers  of  muscle, 
we  have  no  lymphatic  arrangement  comparable  to  that  in  the 
uterus,  for  we  find  there  only  anastomosing  vessels  between  the 
perforating  branches.  It  is,  however,  the  comparatively  speak- 
ing regularly  arranged  plexus  of  colossal  lymphatics  forming 
small  meshes,  which  lies  in  the  mucosa,  having  cul-de-sac  pro- 
longations extending  into  the  villi  on  the  one  surface,  and  joined 
by  the  efferent  branches  on  the  other,  which  forms  the  chief 
feature  of  the  intestinal  lymphatics,  and  make  it  dear  that  the 
adaptation  of  the  lymphatics  in  that  organ  is  directed  towards 
one  surface,  from  which  absorption  of  the  nutrient  material  of 
the  chyme  takes  place. 

As  we  have  no  such  arrangement  in  the  muscular  tube  of  the 
uterus,  we  feel  bound  to  consider  that  there  the  lymphatics  are 
only  adapted  to  the  periphery  of  a  bag,  having,  it  is  true>  minute 
orifices,  above  and  below,  more  or  less  closed  by  the  nature  of 
the  organ.  In  the  pregnant  uterus,  each  foetus  indeed  seems  to 
form  its  own  bag,  like  spherical  sausages  in  a  string,  without 
distinct  pervious  communication  between  them.  In  short,  in 
the  intestinal  tube,  the  lymphatics  are  directed  to  the  most 
minute  points  of  the  internal  surface ;  in  the  uterine  tube,  they 
are  not  directed  to  points  on  either  surface,  but  adapted  generally 
to  its  periphery,  regarded  as  that  of  a  tube  or  bag.  As  we 
ascend  the  scale  in  si^e  of  animals,  we  find  considerable  modifi- 
cations in  arrangement  and  by  the  formation  of  additional  layers 
of  lymphatics,  but  nevertheless  the  same  physiological  plan  that 
we  have  just  described  in  the  case  of  the  mouse,  is  traceable 
throughout  the  series  of  mammals. 

In  the  uteri  of  middle-sized  animals,  such  as  sheep  and 
swine,  the  intermuscular  layer  still  remains  the  principal 
one,  and  the  branches,  passing  through  and  ramifying  upon 
the  outer  muscular  layer,  become  much  more  numerous  and 
more  complex  in  their  arrangements,  and  more  evidently 
the  special  lymphatics  of  the  muscle  and  not  the  lymphatics 
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of  the  subserosa.  That  intermuscular  layer,  now,  however. 
Rends  great  offshoots  through  the  inner  circular  layer  of  musde, 
and  these  offshoots  not  only  pass  round  the  mucosa  surface 
of  the  inner  circular  layer  of  muscle,  in  streams  parallel  to  its 
fibres,  but  give  off,  in  turn,  great  branches,  which  pass  on 
to  the  deeper  or  muscular  surface  of  the  mucosa.  These  again 
give  off  loops  extending  as  convex  bows  towards  the  epithelial 
surface  or  cavity  of  the  uterus.  In  the  pig,  these  branches  of 
the  submucosa  run  comparatively  straight,  and  still  parallel  to 
the  circular  muscle  fibre  of  the  inner  layer,  but  in  the  sheep* 
goat,  mare,  &c.,  we  have  a  complete  system  of  continually  anas- 
tomosing vessels,  forming  junctions  with  each  other  at  almost 
every  valvular  dilatation,  as  seen  at  figs.  1  and  8,  which  show 
the  plexus  of  lymphatics  as  a  layer  on  the  plane  of  the  deep 
surface  of  the  mucosa. 

Here  and  there  the  branches  seem  to  stop  short  with  a  greatly 
dilated  circular  end.  This,  however,  merely  marks  the  point 
where  the  lymphatic  passes  into  the  substance  of  the  mucosa, 
going  towards  its  epithelial  or  free  surface,  the  increased  circular 
enlargement  being  caused  by  the  penetrating  link  (if  we  may  so 
speak  of  the  short  intervalvular  portions  of  Ijanphatic)  passing 
off,  at  right  angles  to  the  general  plane  of  the  deep  surface 
plexus ;  and  being  seen  flattened  or  compressed  in  the  direction 
of  its  axis,  it  thus  presents  the  appearance  seen  at  the  extremities 
of  the  vessels  in  figs.  1  and  8.  The  forms  taken  by  the  ultimate 
superficial  loops  of  the  plexus  in  the  mucosa  is  particularly  well 
shown  in  figs.  6  and  7,  from  the  sheep.  These  loops  lie  with 
their  convexity  towards  the  free  epithelial  surface  amongst  the 
coils  of  uterine  glands,  to  the  greater  part  of  which  they  lie 
superficial,  as  seen  in  fig.  6.  In  the  centre  of  the  arc,  however, 
the  lymphatic  dilates  into  a  wide  sinus  where  the  vessel  lies 
nearest  to  the  surface.  In  other  words,  we  have  a  number  of 
dilated  lymphatics  forming  sinuses  that  are  connected  with  each 
other  by  comparatively  narrow  or  slender  lymphatics,  which  also 
establish  anastomoses  with  the  deeper,  and  larger  lymphatics  of 
the  mucosa. 

In  none  of  the  middle-sized  animals  we  have  been  considering 
does  the  lymphatic  system  obtain  the  complete  development,  as 
a  surface  structure,  that  it  afterwards  does  in  the  mare,  for,  as 
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we  have  already  mentioned  in  treating  of  methods  of  preparation 
we  must  penetrate  pretty  far  beneath  the  epithelial  surface  of 
the  mucosa  in  these  animals  before  we  reach  the  lymphatics, 
removing,  in  most  cases,  the  whole  of  the  superficial  regular 
arborisations  of  blood-vessels  and  capillaries  that  characterise 
the  free  surface  of  the  uteri  of  the  bovine  and  porcine  races,  and 
which  are  absent  in  the  chevaline  race,  this  being  due,  apparently, 
in  great  part,  to  the  great  difference  in  the  anatomical  structure 
and  arrangement  of  the  uterine  glands  in  these  animals,  respec- 
tively. 

In  the  mare  we  have  immense  lymphatics  covering  almost  the 
whole  of  the  mucosa  surface  of  the  internal  muscular  layer, 
lying  closely  packed  and  parallel  to  each  other.  The  valvular 
dilatations  are  so  close  and  enormous  that  each  lymphatic  looks 
like  a  string  of  huge  eggs.  On  the  deep  surface  of  the  mucosa 
we  have  cactus-like  ramifications  of  the  lymphatics,  as  shown  in 
fig.  1,  which  are  similar  to  those  seen  in  the  goat,  in  fig.  8. 
These,  after  innumerable  subdivisions  and  ramifications  in  the 
substance  of  the  mucosa,  finally  appear  as  terminal  vessels, 
greatly  decreased  in  size,  that  arrive  immediately  under  the 
epithelium  of  the  free  surface  of  the  mucosa  or  cavity  of  the 
uterus.  The  great  difference  in  size  of  the  Ijrmphatic  vessels  as 
they  appear  on  the  respective  surfaces  of  the  mucosa  is  weU 
seen  in  figs.  1  and  2,  drawn  under  the  same  power  from  opposite 
sides  of  the  same  preparation.  The  terminal  superficial  twigs  of 
the  lymphatics  reach  the  surface  either  as  dilated  cul-de-sac 
endings,  like  that  seen  in  fig.  3,  or  as  the  ramifying  sinus  shown 
in  fig.  4,  descriptive  words  which  are  almost  identical  with  those 
used  by  Lindgren  to  describe  the  lymphatics  of  the  neck  of  the 
uterus,  and  corresponding  also  tolerably  well  with  his  drawings. 

All  we  have  described  bears  not  the  slightest  relation  to 
Leopold's  views,  to  which  we  may  now  direct  attention  under 
the  special  heading  of 

The  Lymphatics  of  the  Uterine  Miicosa, — Leopold's  views  on 
this  question  are  specially  interesting  from  the  fact  that  he  is 
the  latest  investigator  who  has  put  the  results  of  his  own 
practical  investigations  on  record,  investigations  which  he  con- 
ducted imder  the  great  advantage  of  having  Lindgren's  results, 
by  the  same  process  of  preparation,  before  him  to  guide  or 
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control  his  opinions  while  seeking  to  verify  or  disprove  the  facts 
put  on  record  by  Lindgren.  The  conclusion  he  arrived  at  as  to 
these  is  definitely  stated  at  page  30,  as  follows : — ''  lindgren  has 
only  demonstrated  the  lymphatics  in  the  cervix  uteri,  and 
describes  them  as  loops  from  which  cul-de-sac  offshoots  with 
sinuous  borders  stretch  towards  the  epitheliuuL  These  results  I 
cannot  confirm,  and  I  shall  give  my  reasons  for  disagreeing  with 
them  further  on,  when  I  enter  into  the  other  very  interesting 
results  of  Lindgren  in  connection  with  the  mucosa/' 

These  reasons  subsequently  given  consist  really  in  the 
different  results  Leopold  has  had  from  his  injections  into  the 
mucosa;  and  as  he  minutely  describes  the  various  steps  and 
appearances  of  that  technique,  his  descriptions  are  well  worthy 
of  being  reproduced,  as  they  not  only  explain  the  errors  he  has 
fallen  into,  but  fully  demonstrate  the  untrustworthiness  of  the 
technique  employed  for  investigating  the  lymphatics  by  means 
of  injections.  This  technique  is  responsible  for  nine-tenths  of 
our  erroneous  conceptions  of  the  lymphatics,  two-thirds  of  what 
is  accepted  at  the  present  day,  in  connection  with  the  lymphatic 
system,  really  consisting  of  the  misconceptions  due  to  that  method. 

Leopold  used  for  his  injections  a  watery  solution  of  Berlin 
blue,  either  simple,  or  mixed  with  a  little  gelatina  This  he  in- 
jected, by  means  of  a  syringe  and  fine  canula,  into  the  substance 
of  the  mucosa,  and  he  describes  how,  instead  of  filling  distinct 
lymphatic  vessels,  as  in  the  case  of  the  muscularis  and  subserosa, 
the  injection  mass  became  regularly  diffused  throughout  the 
mucosa,  appearing  as  a  circumscribed  extravasation.  Thus  he 
states,  at  page  40: — ^"The  mucosa  swells  up  evenly  over  the 
point  of  injection,  whether  one  has  entered  direct  into  the 
mucosa,  or  between  both  layers  of  muscle,  and  this  constantly 
recurring  appearance  leads  one  to  suppose  that  the  blue  mass 
has  not  flowed  iQto  separate  distinct  vessels,  but  has  penetrated 
completely  through  the  whole  tissue  of  the  mucosa.  Thus,  in 
the  most  carefully  conducted  or  repeated  injections,  a  real 
extravasation  takes  place,  which,  however,  depends  entirely 
upon  the  above-mentioned  structure  of  the  mucosa.  The  injec- 
tion fluid  forces  its  way  from  the  muscularis  into  the  first  and 
nearest  spaces  formed  by  a  colossal  network  which  might  be 
compared  to  the  framework  of  a  great  labjrrinthine  cavernous 
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tumour.  It  forces  its  way  on  gradually,  from  cavity  to  cavity, 
till  it  reaches  the  surface  epithelium,  extending  itself  also 
laterally ;  and  in  this  manner  are  seen  in  their  transverse  section 
injection  images  corresponding  to  each  other  in  their  chie 
features,  and  which  only  vary  in  certain  points,  according  to  the 
kind  of  fluid  used." 

From  the  foregoing  appearances,  Leopold  has  framed  the 
conclusion  in  italics  which  we  gave  at  page  54  of  this  paper 
and  he  explains  further  on  that  the  mucosa  in  man  and  animals 
consists  of  a  mass  of  funnel-shaped  cavities,  having  their  wide 
mouths  immediately  underneath  the  epithelial  clad  surface,  and 
gradually  tapering  to  a  narrow  orifice  where  they  join  the  lym- 
phatics of  the  muscularis,  the  funnel-shaped  cavities  being  longer 
(or  deeper)  in  man  than  in  other  animals.  With  the  drawings 
of  our  preparations  which  accompany  our  paper,  before  us,  it  is 
almost  needless  to  repeat  that  all  Leopold's  conclusions,  like 
the  results  of  the  technique  upon  which  they  are  founded,  are 
nothing  but  one  long  series  of  errors.  While  in  the  comparatively 
firm  tissue  of  the  cervix  one  might  not  be  surprised  to  learn  that 
Lindgreu  had  some  successes  together  with  his  misteJ^es,  it  is 
difficult  indeed  to  conceive  any  result  from  injection  into  the 
delicate,  soft,  and  even  plastic,  embryonic  tissue  forming  the 
matrix  of  the  mucosa  of  the  body  of  the  uterus,  other  than  that 
obtained  by  Leopold.  Even  although  that  mucosa  is  thoroughly 
permeated  by  the  normal- valved  and  endothelium-formed,  round- 
walled  lymphatics,  as  we  show  it  to  be,  the  injection  of  fluid 
would  at  once  close  all  the  lymphatics,  and  form  a  true  extra- 
vasation in  the  tissue,  serving  very  well  to  lead  astray,  but  not 
to  demonstrate  the  truth.  That  there  are  numerous  cavities  in 
the  mucosa,  we  shall  afterwards  show  to  be  the  case ;  but  these 
cavities  have  no  relation  with  the  ones  described  by  Leopold, 
and  although  lined  with  epithelium,  they  have  no  connection 
whatever  with  the  lymphatic  system. 

There  is  this  peculiar  distinction  between  Lindgren  and 
Leopold,  the  only  two  investigators  who  profess  to  have 
specially  investigated  the  lymphatics  of  the  uterine  mucosa, 
that  whereas  the  latter  gives  no  drawing  of  his  funnel-shaped 
cavities,  his  description  fully  illustrates  the  grave  errors  into 
which  he  has  fallen,  while  the  description  of  the  former  probably 
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represents  the  exact  truth,  although  his  drawings  (mde  his  fig.  2) 
show  erroneous  conceptions. 

While  our  camera  lucida  drawings  of  the  lymphatics  of  the 
mucosa  might  be  safely  left  to  give  a  correct  idea  of  their  con- 
dition in  di£ferent  animals,  some  little  description  may  be 
necessary  to  account  for  their  different  relations  to  correspond- 
ing structures  in  these  different  animals.  In  the  absence  of  the 
fresh  human  uterus,  we  have  given  our  special  attention  to  the 
uterus  which  (the  monkey  tribe  apart)  most  resembles  it  in  the 
structure  of  its  mucosa,  namely  the  uterus  of  the  mare.  In  the 
various  species  the  chief  differences  in  the  lymphatics  of  the 
uterine  mucosa  are  due  principally  to  the  great  variations  in  the 
shape  and  arrangement  of  the  uterine  glands.  In  the  sheep, 
goat,  and  pig,  these  glands  may  be  called  compound,  as  a  number 
of  glands  open  into  the  one  main  orifice,  and  each  gland  is  com- 
posed of  an  immense  number  of  diverticula  or  cul-de-sac  termin- 
ations, as  shown  in  figs.  6  and  8.  The  main  orifices  referred  to 
op0n  at  a  considerable  distance  from  each  other  into  the  cavity 
of  the  uterus,  where  they  appear  large  enough  to  be  detected 
sometimes  by  the  naked  eye. 

In  the  mucosa  of  the  mare  we  have  a  very  different  condition. 
The  glands  are  merely  single  tubes,  as  in  the  human  subject, 
and  these  are  so  numerous,  and  open  so  close  to  each  other  into 
the  uterine  cavity,  that  when  a  lymphatic  lies  immediately  under 
the  epithelium  it  is  in  a  manner  compressed  between  the  glands, 
and  its  sides  are  impacted  upon,  and  distorted  in  shape  by  the 
pressure  of  the  individual  glands  upon  the  endothelium-formed 
walls,  whether  the  lymphatic  lies  superficially  in  the  plane  of 
the  surface,  as  in  fig.  4,  or  reaches  the  surface  as  a  villous  process 
or  cul-de-sac  termination,  as  shown  in  fig.  3.  At  the  attached 
border  of  the  uterus,  or,  in  other  words,  the  side  where  the  broad 
ligament  joins  each  uterine  tube,  and  where  the  placenta  becomes 
subsequently  attached,  the  gland  tubes  or  openings  are  so  closely 
packed  that  it  is  almost  useless  to  seek  between  them  for  super- 
ficial twigs  of  the  lymphatics ;  but  at  the  opposite  or  unattached 
border  they  are  not  packed  so  closely,  and  consequently  the 
superficial  lymphatics  are  more  easily  and  plentifully  found  in 
this  locality.  The  cotyledonous  areas  in  the  sheep,  cow,  and 
goat,  also  interfere  considerably  with  the  arrangements  of  the 
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lymphatics ;  and  the  great  differance  in  the  arrangement  of  the 
blood-vessels  in  the  animals  we  have  mentioned  most  cause  corre- 
sponding modifications  in  the  arrangement  of  the  lymphatics.  In 
those  animals,  owing  to  the  great  distance  between  the  openings 
of  the  glands,  comparatively  large  portions  of  the  general  surface 
of  the  uterine  mucosa  are  left  unbroken  and  undisturbed,  so  that 
the  blood-vessels  which  pass  as  large  trunks  towards  the  surface, 
break  up  there  into  a  regular  meshed  network  of  capillaries, 
similar  to  the  capillary  plexus  upon  the  air- vesicles  in  the  lung. 
In  the  mare,  however,  we  have  not  this  extensive  and  regular 
capillary  plexus,  on  account  of  the  broken  up  character  of  the 
surface  of  the  mucosa,  caused  by  the  innumerable  closely  packed 
openings  of  the  uterine  glands,  and  the  blood  capillaries  ramify 
in  a  thoroughly  irr^^lar  manner  amongst  and  between  the 
glands  and  their  openings. 

Finally,  in  the  homed  ruminants  there  is  a  considerable 
amount  of  tissue  intervening  between  the  superficial  capillary 
plexus  we  have  described  and  the  bulk  or  secreting  portion  of 
the  glands ;  and  although,  as  shown  in  fig.  6,  from  the  sheep, 
the  lymphatic  loops  lie  superficial  to  the  mass  of  the  gland  tubes 
yet  even  then  they  are  some  little  distance  from  the  surface 
epitheUum.  In  the  mare,  however,  we  have  no  appreciable 
layer  of  tissue  intervening  between  the  epithelium  and  the 
lymphatics,  the  consequence  being,  as  already  stated,  that  it  is 
almost  impossible  to  remove  the  surface  epithelium  without  at 
the  same  time  injuring  the  endothelium-formed  walls  of  the 
lymphatics,  which  lie  immediately  underneath  the  epithelium. 

It  will,  of  course,  be  understood  that  although  in  the  mare  the 
gland  tubes  by  their  pressure  upon  the  wall  of  the  empty  lym- 
ph^c  probably  distort  the  natural  appearance  of  the  lymphatic, 
yet  when  the  latter  is  full  of  lymph  that  distortion  may  not 
exist.  In  the  most  superficial  portion  of  the  lymphatics  of  the 
uterine  mucosa  of  most  other  animals,  we  do  not  observe  the 
irregular  sinuous  borders  we  see  in  the  mare,  as  in  them  the 
glands  are  not,  so  to  speak,  so  crowded  upon  the  lymphatics  as 
to  produce  any  such  effect  In  the  sheep,  the  irregularity  in 
the  shape  of  the  lymphatics  seems  purely  due  to  functional 
requirements.  The  more  superficial  portion  of  the  loop  becom- 
ing  dilated,  and  these  dilatations  being  joined  together  at  a 
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deeper  level  by  narrow  portions  of  the  lymphatic  vessel,  a 
peculiar  appearance  is  given  to  the  whole  plexus  when  viewed 
from  the  cavity  side  of  the  mucosa.  In  the  pig,  again,  we  have 
a  similar  series  of  circular  loops  with  the  convexities  turned  to- 
wards the  epithelial  surface  of  the  mucosa,  but  the  arrangement 
of  dilated  and  constricted  portions  does  not  show  itself  so  well  as 
in  the  homed  ruminants.  In  general,  these  loops  have  a  distinct 
thickness  of  tissue  interposed  between  them  and  the  epithelium, 
or  the  superficial  capillary  plexus.  In  rare  cases,  however,  the 
curved  loop  may  approach  close  enough  to  the  capillary  plexus 
to  almost  touch  it,  as  seen  in  fig.  5,  where,  although  the  plexus 
has  been  removed  immediately  above  the  lymphatic  loop,  yet 
the  points  where  the  various  vessels  are  breaking  up  into  the 
capillary  plexus  are  still  shown  in  the  preparation. 

The  character  of  the  villous  or  cul-de-sac  projection  of  the 
lymphatics,  reaching  up  to  the  surface  epithelium  in  the  mucosa 
of  the  mare,  is  often  made  clearer  by  a  lucky  accident  which 
very  often  happens  when  the  mucosa  of  that  animal  is  being 
prepared  for  examination.  When  the  mucosa,  having  been 
dissected  off  the  muscularis,  is  being  mounted  upon  the  histo- 
logical rings,  the  smallest  amount  of  undue  distension  serves  to 
crack  or  rupture  the  sheet  of  epithelium  lining  the  cavity  surface 
of  the  mucosa,  without  tearing  the  elastic  or  embryonic  tissue 
which  forms  the  subjacent  portion  of  the  mucosa.  Where  a 
number  of  the  villous  processes  referred  to  penetrate  the  mucosa 
in  a  line  with  each  other,  that  line  forms  the  weakest  part  of 
the  surface,  and  just  as  riveted  iron  plates,  when  forcibly  torn 
apart,  give  way  first  at  the  line  of  rivet-holes,  so  does  the  sheet 
of  uterine  mucosa  give  way  in  the  line  of  the  penetrating  lym- 
phatics, showing  under  the  microscope  like  a  deep  gash  upon 
the  epithelium-formed  surface.  When  the  silver  is  applied 
after  this  very  common  accident,  it  makes  the  tissues  forming 
the  sides  of  the  fissure  very  evident,  and  in  this  way  the  blind- 
ending  lymphatic  tubes  are  seen  lying  upon  the  side  and  con- 
tinuous with  the  horizontal  lymphatics  at  the  bottom  of  the 
fissure,  a  view  appearing  all  the  clearer  when  seen  by  the 
binocular  microscope. 

The  changes  caused  by  pr^nancy  in  the  lymphatics  of  the 
mucosa  in  the  larger  animals  seem  to  be  very  slight  and  unim- 
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portant  when  compoied  with  the  changes  which  take  place  in 
the  size  of  the  lymphatics  lying  between  the  two  layers  of 
muscle ;  in  f  act^  like  the  other  structures  in  the  mucosa,  they 
appear  to  be  pretty  much  disordered  and  disarranged  owing  to 
the  amount  of  attention  given  to  the  part  where  the  placenta  is 
attached.     In  the  non-pregnant  uterus  the  mucosa  is  compara- 
tively thick,  the  glands  are  plump,  and  the  small  embryonic  or 
branched  cells  appear  like  stars  in  a  clear  firmament  or  matrix  of 
embryonic  tissue ;  the  lymphatics  also  look  plump  and  regular. 
With  the  advent  of  pregnancy  important  changes  occur.    The 
whole  of  the  surface  layer  of  epithelium  begins  to  proliferate, 
each  cell  breaking  up  into  several  new  cells,  in  order  to  form  the 
chorion  as  a  sheet  of  embryonic  tissue.    The  small  branched 
cells  become  greatly  increased  in  size  and  elongated  into  con- 
tractile cells  that  form  an  irregular  felting  of  cell-fibres  of  the 
mucosa ;  the  clear  matrix  between  the  cells  disappears  to  a  great 
extent;  the  blood-vessels  increase  in  size  and  number;  the 
uterine  glands  now  appear  shrivelled  and  drawn  out  into  very 
irr^ular  shapes  and  positions,  while  the  lymphatics  appear  to  be 
Uttle  increased  in  size  or  number,  although  from  the  great  in- 
crease in  the  uterine  surface,  and  from  the  fact  that  the  lym- 
phatics seem  to  have  the  same  relative  number  and  size,  occupy- 
ing the  same  extent  of  surface,  we  must  conclude  that  there  has 
been  a  very  great  increase  in  their  size,  as  they  became  extended 
over  the  increasing  surface,  notwithstanding  that  in  the  same 
sized  field  of  the  microscope  they  appear  individually  to  have 
increased  very  little  in  size.    Ko  doubt  the  lymphatics  occupy- 
ing the  whole  thickness  of  the  mucosa  of  the  non-pregnant 
uterus,  have,  by  the  thinning  of  that  structure  in  pregnancy, 
become  compressed  and  extended  into  a  thin  plane  which  seems 
to  occupy  the  space  between  the  thin  mucosa  and  the  muscularis. 
Indeed,  the  mucosa  has  become  so  very  thin  that  in  the  pregnant 
sheep,  from  which  figs.  13  and  15  were  drawn,  the  silver  solution 
when  applied  to  the  free  surface  penetrated  right  through  to  the 
inner  surface  of  the  circular  muscular  layer,  making  all  the 
tissues  in  that  thin  sheet  perfectly  distinct  as  we  have  just 
described  it 

From  what  we  have  said,  it  would  appear  that  during  preg- 
nancy the  uterine  glands  are  quiescent,  and  the  embryonic  cells 
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formed  into  contractile  cell*fibres.  It  seems  equally  probable 
that  the  lymphatics  of  the  mucosa  have  very  little  function  to 
perform  during  pregnancy,  for  the  sheep  having  a  cotyledonous 
placenta,  the  lymphatics  examined  by  us  lay  between  the 
cotyledons,  and  therefore  within  the  area  of  the  placental 
functions,  although  not  upon  the  cotyledons  themselves,  where 
we  failed  to  trace  superficially  the  presence  of  lymphatics.  In 
the  pregnant  uteri  of  rodents,  being  mono-placental  animals,  we 
examined  at  term  the  site  of  the  placenta  for  lymphatics,  but 
none  were  to  be  seen  there,  although  at  the  very  edge  or  ridge 
external  to  the  placental  border,  a  solitary  twig,  somewhat 
increased  in  size,  might  be  observed  at  rare  intervals.  Between 
the  muscular  layers,  however,  opposite  to  the  placental  attach- 
ment, in  mice,  the  intermuscular  lymphatics  had  greatly 
increased  in  size,  as  formerly  described.  As  far,  therefore,  as 
these  little  animals  are  concerned,  parturition  can  cause  little 
injury  to  the  lymphatic  system,  but  it  must  constitute  a  very 
serious  and  dangerous  condition  to  those  higher  animals  in  whom 
separation  of  the  placenta  may  readily  injure  and  lay  open  those 
lymphatics  lying  between  the  placenta  and  the  muscular  wall  of 
the  organ. 

There  is  another  structure  existing  in  the  mucosa  which 
merits  attention,  and  although  it  is  closely  allied  to  many 
structures  that  have  been  described  by  others,  it  seems  to  be,  as 
far  as  we  have  been  able  to  discover,  hitherto  undescribed.  It 
resembles  bursal  sacs  or  surfaces  interposed  between  the  mucosa 
and  the  muscularis  of  almost  all  the  animals  in  which  we  have 
looked  for  it.  It  is  not  to  be  detected  in  transverse  sections  of 
the  tissue,  where  it  would  only  appear  like  the  longitudinal 
section  of  a  uterine  gland.  To  see  it  properly  one  must  separate 
the  mucosa  very  carefully  from  the  muscularis,  using  no  cutting 
of  the  tissue  further  than  snipping  across  the  blood-vessels,  &a, 
which  pass  across  from  the  one  layer  to  the  other.  When  this 
has  been  done,  and  either  layer  or  sheet  is  mounted  on  the  rings, 
and  the  surface  treated  with  silver  which  corresponds  to  the 
separation  between  muscularis  and  mucosa,  it  will  be  observed 
that  large  portions  of  these  surfaces  are  covered  with  a  sheet  of 
epithelial  cells.  We  have  foimd  this  condition  more  prominent 
in  the  non-pregnant  uterus  of  the  pig  than  anywhere  else,  and 
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• 

wheiever  this  covering  of  epithelium  is  present  it  prevents  the 

silver  solution  from  passing  through  it  to  act  on  the  tissue 

underneath.    Where  there  are  breakages  in  the  surface  or  sheet 

of  cells,  the  solution   naturally  penetrates  for  a  considerable 

distance,  and  renders  the  matrix  very  dark  in  comparison  with 

the  white  cell-covered  portions.      These  cells  are  seen  to  be 

placed  directly  upon  blood-vessel  and  lymphatic  walls  as  well  as 

upon  the  embryonic  matrix  which  forms  the  bulk  of  the  mucosa ; 

consequently,  where  it  covers  these  vessels,  their  endothelium 

can  be  no  longer  seen,  although  the  breaks  here  and  there  in 

the  sheet  of  cells  enable  one  to  mark  the  course  and  condition 

of  these  vascular  walla    Similarly,  even  in  a  smaller  mammal 

like  the  guinea  pig,  these  bursa*like  sacs  appear,  more  especially 

during  the  earlier  stages  of  pregnancy,  as  oval-shaped  sacs  or 

cavities  lined  by  epithelium.    The  cells  themselves  resemble  in 

appearance  the  cells  lining  the  cavity  of  the  uterus,  except  that 

they  are  a  little  smaller,  as  if  younger.    To  show  the  comparative 

character  and  size  of  these  cells  we  have  drawn  them  at  c,  hg. 

19,  as  well  as  the  cells,  &,  lining  the  cavity  of  the  uterus,  and  d, 

the  cells   lining  the  uterine  glands,  while  e  and  a  represent 

respectively  the  endothelium  of  the  veins  and  lymphatics  of  the 

same  locality,  all  drawn  under  the  same  magnifying  power  by 

the  camera  lucida. 

These  bursal  cavities  are  certainly  not  funnel-shaped  cavities 
in  connection  with  the  Ijrmphatics,  or  rather  forming  the  mucosa 
portion  of  the  lymphatic  system  according  to  Leopold,  for  they 
are  flat,  collapsed,  bursa-like  sacs,  and  not  funnel-shaped, 
extending  across  the  mucosa.  They  have  no  connection  what- 
ever with  the  lymphatics,  and  the  characters  of  the  cells  lining 
these  cavities  are  the  very  opposite  of  the  cells  belonging  to  the 
lymphatic  endothelium.  At  the  same  time  it  lb  very  possible 
that  these  were  the  cavities  injected  by  Leopold ;  in  fact,  he 
could  scarcely  avoid  them,  and  if  injected  into  they  would 
certainly  give  the  distinctly  circumscribed  borders  that  he  has 
referred  to.  We  have  already  shown  abundantly  that  Leopold's 
conclusion  that  the  lymphatics  of  the  mucosa  were  not  really 
the  round  vessels  that  one  meets  with  everywhere  else,  is 
entirely  erroneous,  for  the  lymphatics  in  this  structure  are 
exactly  like  the  lymphatics  elsewhere  in  the  body.    In  short. 
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we  must  come  to  the  conclusion  that  Leopold  had  really  injected 
these  bursal  cavities  or  sacs,  and  endowed  them  with  the 
attributes  of  the  lymphatics,  when  he  failed  to  find  the  real 
lymphatics  of  the  locality.  At  the  same  time,  we  have  still  to 
find  a  function  for  such  sacs.  It  is  possible  that  they  really 
have  the  function  of  bursse,  to  allow  of  the  mucosa  gliding  upon 
the  muscularis  for  some  purpose  or  other,  although  the  shape  of 
the  cells  does  not  correspond  with  that  of  cells  usually  lining 
bursal  sacs.  We  are,  however,  of  opinion  that  there  is  still 
another  reason  for  their  presence,  and  that  it  is  from  these  sacs 
that  the  new  epithelium  is  derived  with  which  to  line  the  cavity 
of  the  involuted  uterus  after  parturition.  This  opinion  is 
merely  advanced  as  an  hypothesis,  but  it  seems  to  us  to  be  a 
very  probable  one  under  the  circumstances. 

The  ZympJiatics  of  the  Uterine  Muscfuiaris  forms  the  second  of 
the  two  divisions  under  which  we  class  the  uterine  lymphatics, 
and,  as  we  stated  at  the  commencement,  we  include  under  that 
head  those  lymphatics  which  have  hitherto  been  described  as 
the  subserous  lymphatics.  Under  that  head  is  really  comprised 
also  all  that  was  definitely  known  of  the  uteriue  lymphatics 
prior  to  the  researches  of  lindgren  and  Leopold.  Lindgren, 
however,  does  not  enter  into  the  consideration  or  give  any 
description  of  any  others  than  the  lymphatics  of  the  mucosa  of 
the  neck,  so  that  Leopold  ought  to  be  considered  as  the  first, 
and  indeed  the  only,  investigator  who  has  offered  a  systematic 
description  of  the  lymphatics  of  the  muscularis.  As  mentioned 
in  our  historical  resumi,  many  writers  speak  of  the  superficial 
lymphatics  on  the  peritoneal  surface  of  the  organ  as  coming  out 
of  the  muscular  substance,  but  their  character  <or  relationship 
there,  like  the  question  of  their  existence  on  the  mucosa  beyond, 
could  only  be  hypothetically  discussed  in  the  complete  absence 
of  ascertained  facts. 

Following  Leopold,  we  have,  five  years  afterwards,  another 
investigator,  Dr  Vladislas  Mierzejewski,  already  referred  to,  who, 
under  the  title  of  "  Investigations  into  the  Subserous  Layer  of 
Lymphatics  of  the  Uterus,"  really  gives  an  excellent  description 
of  the  lymphatics  of  the  supei^cial  or  longitudinal  muscular 
layer  of  the  normal-sized  organ  in  the  sheep.    Our  first  task 
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will  therefore  be  to  show  that  such  a  division  as  the  subserous 
lymphatics  is  erroneous,  and  that  the  division  ought  to  be 
absorbed  into  that  of  the  muscularis. 

Commencing  with  Mierzejewski  as  the  latest  investigator,  we 
have  first  to  observe  that  his  drawings  and  descriptions  are 
singularly  opposed  to  his  conclusions,  even  when  the  two  latter 
are  given  in  the  same  paragraph,  which  we  quote  verbatim,  in 
order  to  allow  our  readers  to  judge  for  themselves.  If,  in 
addition,  they  have  access  to  the  article  in  question,  one  glance 
at  the  drawing  he  gives  of  the  l}rmphatic8,  as  seen  in  transverse 
section,  ought  to  convince  any  one  that  we  have  there  to  deal 
with  the  lymphatics  of  the  superficial  muscular  layer,  and  not 
with  those  of  the  subserous  tissue  only,  for  they  form  a  special 
and  regular  plexus  of  enlacement  of  the  muscular  bundles  con- 
stituting that  layer.  With  respect  to  this,  he  states,  p.  220 : 
''  In  successful  examples  of  subserous  injections,  it  is  seen  that 
the  subserous  lymphatics  having  been  filled,  the  injection  mass 
passes  into  the  lymphatics  which  are  distributed  to  the  muscular 
layer,  and  it  is  from  these  latter,  and  not  from  the  subserous 
lymphatics,  that  the  great  lymphatic  trunks  arise  which  pass 
towards  the  broad  ligaments.  It  is  generally  admitted  that 
the  uterine  lymphatics  have  their  origin  in  the  mucous  layer, 
and  go  from  there  towards  the  superficies  of  the  organ,  from 
which  they  pass  downwards,  as  great  trunks,  into  the  broad 
ligaments."  After  this  remark,  with  the  correct  description 
which  precedes  it,  comes  now  his  conclusion  in  the  opposite 
direction :  "  It  cannot  be  considered  that  the  lymphatics  of  the 
subserous  layer  are  in  continuation  (forment  suite)  with  the 
lymphatics  of  the  muscular  layer:  They  appear  rather  to  con- 
stitute a  separate  plexus  which  joins  the  lymphatics  of  the 
muscular  layer  at  the  level  of  that  layer,  and  the  lymph  thus 
mixed  descends  towards  the  broad  ligaments."  It  is  difiicult  to 
understand  this  self-contradictoiy  conclusion,  which  is  entirely 
at  variance  with  the  previous  description  and  the  drawings 
given,  and,  we  may  add,  equally  at  variance  with  the  facts  of 
the  case,  as  we  have  ascertained  them  to  exist  in  the  same 
ATiinriftlft  by  the  silver  process,  which  coincide  more  or  less  with 
the  drawings  already  referred  to.  In  short,  as  drawn  by  Mierze- 
jewski, the  so-called  subserous  lymphatics  are  evidently  only 
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the  superficial  portion  of  the  lymphatic  plexus  which  encircles 
and  embraces  the  muscular  bundles  of  the  longitudinal  muscular 
layer.  It  is  milch  to  be  regretted  that  he  only  offers  one 
complete  mesh  of  the  subserous  lymphatics  in  his  fig.  1.  Such 
a  drawing  may  show  the  size  of  the  lymphatics,  and  proves 
that  he  actually  saw  them,  but  it  gives  a  false  idea  of  the 
general  distribution,  a  poipt  indeed  always  left  vague  by  the 
injection  method,  which  may  either  multiply  the  supposed 
lymphatics  by  extravasation,  or  fail  to  show  any  where  many 
may  exist  It  is  for  this  reason  that  we  show  the  lymphatics 
on  a  comparatively  large  portion  of  the  surface,  but  even  then 
it  is  to  be  borne  in  mind  that  the  portion  has  been  specially 
selected  as  showing  the  largest  number  of  lymphatics  in  the 
specimen,  and  that  in  the  same  specimen  there  are  areas, 
equally  large,  where  not  a  single  lymphatic  appears  in  the 
subserosa. 

When,  next,  we  turn  to  the  long  chapter  which  Leopold 
devotes  to  the  lymphatics  of  the  subserosa,  we  find  that  he  too 
gives  descriptions  which  lead  us  to  suppose  that  he  clearly 
understood  the  relationship  between  those  of  the  subserosa  and 
muscularis,  but  takes  it  for  granted  that  they  are  to  be  described 
separately,  although  no  reason  for  doing  so  is  apparent.  With 
respect  to  this  he  distinctly  states :  "  Ftom  the  periphery  of  the 
uterus  the  lymph  passes  thrcmgh  the  muscular  lymphatics  in 
order  to  reach  the  trunks  in  the  parametrium."  Nowhere  does 
Leopold  seek  to  prove  that  the  Ijnnphatics  of  the  subserosa  are 
a  plexus  apart.  While  he  recommends  the  injection  method 
for  investigating  the  lymphatics,  he  dwells  strongly  upon  the 
tendency  to  cause  extravasation  that  he  has  experienced — a 
caution  not  out  of  place,  seeing  that  some  of  his  best  drawings 
are  from  extravasations,  and  unconnected  with  the  lymphatics. 
All  the  drawings  in  his  first  plate  are  devoted  to  the  subserous 
lymphatics;  but  as  these  figures  are  only  of  the  natural,  or 
even  half  the  natural  dimensions,  it  is  difficult  to  trace  the 
exactitude  of  the  partial  injection  represented.  We  are  of 
opinion,  however,  that  these  injections  are  incori'ect  as  compared 
with  the  results  we  have  obtained  by  the  silver  process,  and  if 
his  fig.  7,  the  only  drawing  of  the  subserous  lymphatics  in  trans- 
verse section  which  Leopold  gives,  is  to  be  considered  as  a 


ANATOMY  OF  THE  LYMPHATICS  OF  THE  UTERUS.       79 

portion  of  either  of  the  uteri  shown  in  the  first  plate,  then  there 
can  he  no  doubt  that  these  figures  are  incorrect,  and  that  the 
greater  number  of  the  lymphatics  of  the  subserosa  and  super- 
ficial muscular  layer  represented  there  are  only  extravasations. 
From  numerous  silver  preparations  made  by  us  on  the  same 
animals,  both  in  the  normal  and  pregnant  uterus,  we  feel  in- 
clined to  hold  that  no  such  lymphatics  exist  as  are  shown  in  the 
upper  portion  of  his  fig.  7.  On  the  other  hand,  his  drawing  of 
the  subserous  lymphatics  of  the  uterus  of  the  rabbit,  as  shown 
by  injection  of  silver  solution,  seems  to  be  quite  correct ;  but 
the  numerous  short  trunks,  disappearing  as  they  pass  down- 
wards through  the  muscular  layer,  show  that  we  have  in  that 
plexus  only  the  superficial  portion  of  a  plexus  which  exists 
equally  dense  between  and  below  the  bundles  of  muscles  forming 
the  superficial  layer.  In  short,  it  is  almost  possible  to  prove 
from  the  researches  of  those  who  profess  to  describe  the  lym- 
phatics of  the  subserosa  as  a  system  apart,  that  those  Ijrmphatics 
are  not  anatomically  those  of  the  subserosa,  but  of  the  super- 
ficial muscular  layer.^ 

When  we  turn  to  Leopold's  special  references  to  the  lym- 
phatics of  the  muscularis,  we  find  them  distorted  by  the  mistakes 
made  by  the  injection  method.  He  carefully  distinguishes 
between  the  lymphatics  of  the  regularly  arranged  double  layer 
of  muscles  in  the  lower  animals  and  the  irregular  musculature 
in  man,  and  his  fig.  8  is  supposed  to  represent  the  lymphatics 

'  After  the  plates  and  text  of  the  present  article  had  heen  arranged,  and  were 
on  the  point  of  heing  sent  off  for  publication,  one  of  us  while  In  Paris,  and 
through  the  kindness  of  Professor  Ranvier,  of  the  Coll^  de  France,  in  placing 
the  use  of  the  laboratory  of  histology  at  our  disposition  while  there,  had  an 
opportunity  of  applying  our  methods  of  preparation  to  the  human  utenis  a  few 
hours  after  death.  In  it,  notwithstanding  the  unfavourable  condition  of  the  tissues 
caused  by  the  intense  heat  of  the  season,  we  were  able  to  investigate  fully  the 
condition  and  relations  of  the  so-called  subserous  lymphatics,  and  to  recognise 
the  presence  of  those  of  the  mucosa.  These  subserous  lymphatics  are  to  be  found 
moat  plentiful  where  the  peritoneal  tissue  ia  loosely  attached  to  the  neck  of  the 
uterus,  but  as  we  approach  the  upper  part  of  the  body  of  the  organ  where  the 
peritoneal  tissue  becomes,  so  to  speak,  firmly  incorporated  with  the  uterine 
tissue,  the  lymphatics  are  not  found  at  all  superficially.  Further  down  on  the  neck, 
where  the  looee  peritoneal  tissue  may  be  easily  dissected  off'  the  organ  and  suit- 
ably prepared,  the  lymphatics  form  an  intricate  network  intertwining  irregularly 
with  the  pleziform  arrangement  of  long  narrow  bundles  of  smooth  muscles, 
which  pass  in  every  direction  across  the  surface  of  the  organ,  and  give  so  special 
an  appterance  to  the  subserous  tiFtue  of  the  human  uterus  and  broad  ligaments. 
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of  the  musculature  of  a  young  woman.  With  regard  to  this 
drawing  we  desire  to  record  our  conviction  that  it  does  not 
show  a  single  lymphatic,  and  that  the  beautiful  plexus  of  sup- 
posed lymphatics  shown  there  is  the  result  of  extravasation, 
and  has  no  connection  with  the  lymphatic  system.  For  our 
part  we  show  two  drawings  of  the  lymphatics  of  the  muscu- 
lature of  the  uterus  of  a  woman,  as  seen  in  thin  section,  one 
section  being  through  the  anterior  part  of  the  wall  at  right 
angles  to  the  uterine  cavity,  the  other  being  perpendicular  through 
the  musculature  of  the  neck,  and  parallel  to  the  cavity.  These 
preparations  were  obtained  by  a  natural  process  that  has  often 
been  utilised,  and  deserves  more  recognition  and  employment 
It  was  obtained  from  a  patient  who  died  of  cancer,  which  had 
appeared  secondarily  in  the  womb,  and  had  there  first  shown  itself 
in  the  glands  of  the  mucosa,  and  afterwards  infected  the  glands. 
In  an  article  published  in  the  Archives  de  Physiologie  for  1881, 
we  have  shown  the  course  followed  after  infection  of  the  lym- 
phatics of  the  skin  by  cancer,  and  we  have  found  that  the  same 
description  applies  equally  well  to  the  lymphatics  of  the  uterus. 
According  to  that  process  we  find  that  when  the  lymphatic 
vessels  become  infected  in  the  immediate  neighbourhood  of 
the  cancer,  the  effect  becomes  at  once  manifest  in  the  nearest 
lymphatic  gland,  which  bars  further  passage  to  the  lymph-cells 
passing  down  the  Ijrmph  stream,  and  these  become  aggregated 
within  the  lymphatics,  filling  them  with  a  solid  and  tenacious 
plug  of  cells,  which  extends  not  merely  between  the  gland  and 

These  are  the  bundles  which  form  the  apparent  fibres  and  ganglions  which  have 
been  dissected  out  upon  the  gravid  uterus  of  woman  by  Tiedemann,  Robert  Lee, 
and  Snow  Beck,  and  described  by  them  to  be  the  h3rpertrophied  nerves  of  the 
nterus.  These  researches  gave  rise  to  much  acrimonious  dispute  at  the  time 
between  the  latter  two  gentlemen,  and  obtained  for  the  last  named  the  gold 
medal  and  fellowship  of  the  Royal  Society.  As  the  error  committed  by  them 
seems  never  to  have  been  explained,  we  venture  to  give  this  explanation,  with  the 
remark,  however,  that  apart  from  the  great  error  of  describing  such  muscular 
structures  as  nerves,  the  beautiful  dissections  of  Dr  Beck,  which  he  has  often 
personally  shown  and  explained  to  us,  will  always  remain  valuable  as  an  artistic 
dissection  of  the  subserous  rausculrr  arrangement  of  the  human  uterus  when 
hypertrophied  by  pregnancy.  The  loops  formed  by  the  lymphatics  which  inter- 
twine with  these  muscular  bundles  and  with  innomerable  dilated  blood-vessels, 
lie  with  their  long  axis  transversely  upon  the  organ,  and  only  in  the  particular 
locality  referred  to.  It  is  now  too  late  to  attempt  to  introduce  drawings  of  these 
lymphatics  into  the  present  article,  but  these  and  others  may  subsequently  be 
formed  into  a  supplementary  research  for  future  publication. 
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the  original  seat  of  the  cancer,  but  also  beyond  the  latter  struc- 
tnre,  until  the  whole  lymphatic  system  of  the  part  is  in  a 
manner  naturally  iigected  with  cells  which  rapidly  become 
cancerous.  In  this  condition  they  imbibe  deeper  staining  than 
the  surrounding  ti^eues,  so  that  when  sections  are  made  after 
preliminary  injection  of  blood-vessels  we  have  a  complete  and 
perfectly  uninjured  plan  of  the  lymphatic  system  of  the  part. 
From  such  a  plan  figs.  17  and  18  have  been  drawn.  Of  course 
it  is  necessary  to  select  a  case  where  the  uterus  is  unchanged 
in  shape  or  dimensions,  and  where  the  disease  has  neither 
stopped  short  of,  nor  gone  beyond,  the  mere  filling  of  the  lym* 
phatics,  and  then  nothing  can  be  more  satisfactory  or  correct 
than  such  preparations.  In  the  drawing  in  question  the  lym- 
phatics have  been  left  blank,  as  being  better  than  drawing  the 
mere  cast  of  cells  within  them.^ 

The  lesson  taught  by  such  preparations  is  that,  in  the  muscu- 
lature of  the  human  uterus,  the  lymphatics,  like  the  muscular 
bundles  amid  which  they  lie,  are  extremely  irregular  in  course 
and  distribution.  They  bear  no  special  relation  either  to  the 
blood-vessels  or  to  the  muscular  bundles,  and  their  size  and 
shape  vary  very  little  in  the  whole  musculature  intervening 
between  serosa  and  mucosa,  except  where,  near  the  attachment 
of  the  broad  ligaments,  they  join  to  fcmn  the  great  efferent 
trunks  passing  from  the  organ. 

In  fig.  8  of  Leopold  it  is  perfectly  evident  (even  by  compari- 
son with  his  own  fig.  7  of  the  lymphatics  of  the  musculature  of 
the  sheep)  that  he  has  formed  an  interstitial  injection  of  the 
part,  so  as  to  separate  the  different  parallel  muscle  bundles 

^  This  complete  injection  or  plugging  of  the  lymphatics  by  even  normal  lymph- 
oella  is  in  our  opinion  a  by  no  means  uncommon,  although  we  believe  hitherto 
unrecognised,  general  feature.  Indeed,  whenever  either  from  tubercle,  acrofnla, 
or  any  infective  process  the  lymphatic  glands  become  swollen,  that  condition 
seems  generally  to  be  accompanied  by  more  or  less  filling  of  the  lymphatics 
leading  to  the  swollen  glands;  in  other  words,  where  the  lymphatic  passage 
becomes  barred  at  the  glands,  the  wandering  cells  coming  down  the  lymph- 
stream  gradually  collect  first  in  the  gland,  and  afterwards  upwards  from  it,  until 
the  whole  of  the  lymphatics  leading  to  the  gland  or  glands  become  plugged  with 
cells.  A  short  time  ago  Professor  Sappey  showed  us  such  specimens  of  cell-filled 
lymphatics  in  the  human  intestine,  which  he  considered  to  be  a  normal  condi- 
tion, and  connected  with  a  theory  he  will  shortly  publish.  To  us  they  simply 
betokened  a  swollen  condition  of  the  mesenteric  glands,  in  fact  '*  tabes 
mesenterica.-' 
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from  each  other,  and  to  fill  up  the  interstices  with  the  injection 
mass  of  gelatine.  In  the  preparation  thus  formed,  where  the 
mnscle  bundles  are,  as  it  were,  embedded  in  a  matrix  of  coloured 
gelatine,  a  section  across  the  axis  of  the  bundles  shows  them, 
as  it  were,  separated  from  each  other  by  lymphatic  spaces,  a 
condition  naturally  non-existent,  incorrect,  and  misleading.  In 
his  fig.  7,  the  only  other  drawing  of  the  musculature  given  by 
Leopold,  it  is  equally  plain  that  although  the  lower  half  of  the 
drawing  corresponding  to  the  lymphatics  of  the  circular  layer 
is  probably  quite  correct,  the  upper  half,  corresponding  to  the 
lymphatics  of  the  longitudinal  coat,  is  certainly  not  so,  but  is 
an  excellent  example  of  extravasation  in  the  interstices  of  the 
muscular  bundles,  showing  apparently  vessels  which  are  cer- 
tainly not  lymphatics.  Indeed,  we  fail  to  recognise  that 
figure  as  representing  the  lymphatic  arrangements  in  the  uterus 
of  the  sheep,  as  far  as  similarity  with  either  our  own  prepara- 
tions or  the  drawings  of  Mierzejewski  goes.  The  appearances 
doe  to  extravasation  appear  to  have  also  caused  Leopold  to  use 
descriptive  terms  which  the  general  similarity  throughout  the 
lymphatics  of  the  musculature  scarcely  calls  for.  Independently 
of  the  terms  signifying  lymph-vessels,  collecting  tubes,  efferent 
channels,  main  trunks,  &c.)  he  introduces  such  terms  as  Lymph* 
spalten  (lymph-clefts),  Lymphrohren  (lymph-tubes),  which  in 
the  way  he  applies  them  are  evidently  only  forms  of  extra- 
vasatLon^ 

While  in  the  smaller  mammals  the  principal  and  largest 
lymphatics  lie  between  the  two  muscular  layers,  and  next  to 
these  in  development  are  the  branches  passing  off  from  them  to 
the  peritoneal  surface,  the  branches  passing  towards  the  mucosa 
surface  being  almost  nil,  these  conditions  become  very  much 
altered  as  we  pass  to  the  larger  mammals.  In  these,  owing  to 
the  great  development  of  lymphatics  in  the  mucosa,  the  lym- 
phatics on  that  surface  of  the  musculature  arrive  at  the  greatest 
degree  of  development,  while  the  branches  passing  towards  the 
peritoneal  surface  remain  either  unchanged  in  their  comparative 
amount  or  become  even  less.  It  is,  moreover,  in  the  main 
lymphatic  trunks  of  the  intermuscular  layer,  and  those  which 
in  the  larger  mammals  lie  on  the  mucosa  surface  of  the  circular 
muscles  that  we  see  an   obvious  provision  for   the    changes 
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which  take  place  in  pregnaocj.  The  series  of  shapeless  and 
compressed  valvular  dilatations,  seen  in  fig.  14,  from  the  pig,  is 
evidently  so  designed  that,  when  distended  by  pregnancy,  r^ular 
intervals  of  nniform  straight  tubes  or  vessels  shall  intervene 
between  the  different  valvular  dilatations,  as  is  indeed  showing 
itself  in  fig.  15  from  the  same  locality  in  the  pr^nant  uterus  of 
Hie  sheep.  In  both  these  drawings  the  portion  of  lymphatic 
represented  has  nothing  exceptional  about  it,  but  resembles  in 
form  and  size  numerous  other  lymphatic  streams  lying  parallel 
to  each  other  in  their  respective  preparations.  Of  course  there 
is  an  immense  increase  in  length  and  calibre  at  the  same  time 
by  the  addition  of  endothelial  cells  interposed  between  the 
or^[inal  endothelium  forming  their  walls  in  the  normal  uterus ; 
and  in  order  to  make  this  increase  more  evident  we  have  drawn 
%.  14  from  the  normal  uterus  of  the  pig,  under  the  same 
magnifying  power  as  fig.  15  from  the  pregnant  uterus  of  the 
sheep  (the  foetus  being  half-grown),  and  shown  in  fig.  16,  so  that 
fig&  15  and  16,  from  similarly  sized  animals,  may  be  compared,  to 
show  the  change  in  size  which  has  taken  place  at  only  half  the 
distension  of  full  pregnancy. 

In  the  case  of  the  mare,  we  have  already  compared  the  lym- 
phatics lying  upon  the  mucosa  surface  of  the  musculature  to 
strings  of  eggs  lying  parallel  to  each  other,  and  so  closely 
packed  together  as  to  form  a  kind  of  mosaic  of  great  oval 
valvular  sinuses  covering  completely  the  surface  of  the  muscle. 
These  valvular  sinuses  were  relatively  similar  both  in  size  and 
shape  to  each  other,  and  thus  presented  a  different  appearance 
from  the  distorted  and  irregular  valvular  sinuses,  seen  in  the 
case  of  the  pig  in  fig.  14.  The  long  axes  of  these  oval  valvular 
sinuses  were  parallel  to  the  fibres  of  the  circular .  muscles  upon 
which  they  lay,  but  their  peculiar  oval  shape,  as  well  as  the 
short  and  dilated  condition  of  the  valvular  sinuses  of  the  cactus- 
like arborisations  of  the  lymphatics  on  the  deep  surface  of  the 
mucosa,  as  seen  in  figs.  1  and  8,  are  evidently  well  fitted  to 
become  elongated  into  shapely  lymphatics  without  any  addition 
to  the  number  of  their  valves  when  the  distension  of  pregnancy 
supervenes. 

Although  figs.  14  and  15  are  drawn  from  opposite  surfaces  of 
the  circular  layer  of  muscle,  they  represent  the  same  kind  of 


84  HOGGAN. 

lymphatics,  which  in  these  animals  lie  rather  between  and 
parallel  to  the  bandies  of  muscle  in  the  circular,  than  between 
the  circular  and  longitudinal  layers.    At  the  top  of  fig.  14  is  also 
seen  the  cut  lymphatic,  where  the  vessel  became  continuous 
with  the  long  parallel  channels  which  characterise  the  deep 
lymphatics  of  the  mucosa  of  the  pig.    In  the  case  of  the  mare, 
where  a  special  layer  of  lymphatics,  as  formerly  described, 
covers  the  whole  inner  or  mucosa  surface  of  the  musculature, 
the  branches  pass  upon  the  deep  surface  of  the  mucosa,  at 
various  points  in  the  circumference  of  the  uterine  tube,  in  order 
to  form  the  plexus  seen  in  fig.  1 ;  but  thei«  is  nothing  abnormal, 
in  any  case,  in  the  manner  in  which  the  lymphatics  of  the  mus- 
culature join  those  of  the  mucosa.    We  should  not  even  have 
referred  to  this  point,  had  it  not  been  that  Leopold,  misled  by 
the  non-success  of  his  injections  of  the  lymphatics  of  the  mucosa, 
brings  up  misconceptions  about  funnel-shaped  cavities,  whose 
small  ends  or  orifices  join  at  this  point  with  the  lymphatics  of 
the  muscularis.    Thus  he  states,  at  page  48:  "At  the  boundaiy 
of  the  muscularis  the  lymph-spaces  (of  the  mucosa)  enter  for  a 
short  distance  (in  human  uteri  farther  than  in  those  of  animals) 
into  the  funnel-shaped  cavity  between  two  muscle  bundles,  and 
there  gradually  become  narrow  vessels  to  join  the  intermus- 
cular lymph-vessels  and  sinuses."    As,  except  by  a  hypothetical 
opinion  of  the  cause  of  the  failure  of  the  injection  method,  there 
is  no  foundation  for  stating  that  funnel-shaped  lymph-cavities 
exist  in  the  mucosa  with  their  narrow  portions  joining  the  lymph- 
vessels  and  sinuses  in  the  muscularis,  it  is  curious  to  be  told 
that  such  hypothetical  narrow  ends  pass  deeper,  in  the  case  of 
the  human  uterus,  into  the  musculature  before  joining  the  lym- 
phatics of  the  musculature. 

Leopold  devotes  fourteen  closely  printed  pages  to  his  descrip* 
tion  of  the  lymphatics  of  the  musculature,  but  the  whole  being 
hypothetical,  and  founded  in  great  part  on  injection  extravasa- 
tions into  the  tissue,  we  may  be  excused  quoting  it  to  show  the 
wonderful  exactness  introduced  by  Leopold  into  his  description 
of  non-existent  Ijrmph-spaces.  In  his  conclusion,  he,  however, 
states  (p.  48)  of  the  lymph-vessels  and  lymph-spaces  in  the 
musculature :  ''  The  walls  of  both  are  formed  of  the  intermus- 
cular connective  tissue.    The  former  are  lined  by  a  fine  endo- 
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thelial  lamella  wliicli  possesses  openings  and  holes  here  and 
thera    The  latter  are  lined  with  thick  cell-plates." 

In  respect  to  these  opinions,  we  may  state  that  the  walls  of 
the  lymphatics  throughout  the  whole  organ,  like  the  lymphatic 
walls  throughout  all  the  oigans  in  the  body  (this  does  not  refer 
to  the  great  efferent  systemic  lymphatics),' are  formed  or  lined 
by  the  same  crenated-edged  endothelium,  and  that,  except  in  the 
increased  number  of  these  cells,  pregnancy  itself  makes  no 
difierence  or  addition  to  these  lymphatic  walls,  while  as  to  the 
openings,  holes,  or  stomata,  to  which  Leopold  gives  such  impor- 
tance in  his  research,  and  over  which  Dr  Lucas  Ghampionniire 
rejoices,  as  a  fulfilment  of  his  prophecy,  there  are  none  what* 
ever,  except  where  they  have  been  made  in  the  preparation 
by  the  preparer  himself,  or  are  simulated  by  small  deposits  of 
albuminate  of  silver.     In  the  hundreds  of  specimens  we  have 
made  and  examined  of  the  lymphatics  of  this  organ  (or  of  any 
other  organ)  in  different  mammals,  we  have  never  seen  anything 
corresponding  to  a  stoma  or  natural  opening.    We  cannot  even 
understand  for  a  moment  what  function  it  would  subserve 
which  is  not  already  exercised  by  the  lymphatics ;  while,  as  far 
as  any  stomata  exist  in  mammals  connecting  the  peritoneal 
cavity  with  the  lymphatics  on  the  peritoneal  surface  of  the 
musculature,  the  idea  is  as  hypothetical  and  mythical  here  as 
when  applied  to  other  serous  surfaces  throughout  the  body. 

We  almost  feel  ashamed  to  have  so  often  to  recapitulate  our 
disbelief,  or  rather  our  denial  of  the  existence  of  stomata  in 
connection  with  the  lymphatics;  but  it  is  almost  impossible 
to  take  up  any  German  research  on  the  lymphatic  system 
without  meeting  some  kind  of  assertion  as  to  their  presence 
or  existence.  Like  Sappey  {loc,  cU,  p.  794),  we  '*long  to  see 
those  stomata  which  will,  after  having  shone  with  an  ephemeral 
brightness,  go  modestly  to  join  their  ancestors,  the  absorbing 
mouths,  which  William  Hunter  thought  he  saw  upon  the  villi, 
which  Haase  thought  he  had  discovered  on  the  surface  of  the 
skin,  and  which  Mascagni  believed  to  exist  on  the  convex 
surface  of  the  liver,  those  open  mouths,  always  disproved,  and 
yet  always  reappearing  in  some  other  form  in  the  history  of  our 
errors,  and  which  still  remain  as  examples  of  the  unfortunate 
tendency  of  many  otherwise  eminent  minds  to  be  led  astray  by 
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illusions  and  vain  theories  when  under  the  influence  of  some 
preconceived  idea." 

Before  summarising  our  conclusions  we  wish  specially  to 
record  our  indebtedness  to  the  kindness  of  Mr  Baxtlett,  the 
well-known  and  able  superintendent  of  the  Zoological  Gardens 
of  London,  who  has  taken  a  great  deal  of  trouble  to  provide  us 
with  most  of  the  material  upon  which  the  present  and  previous 
researches  published  in  this  Journal  have  been  made. 

Conclusions. 

1.  In  the  uterus,  the  lymphatics  are  found  principally  a3 
layers  connected  with  each  other,  and  corresponding  to  the 
distinct  layers  of  tissue  in  the  uteri  of  the  lower  animala 

2.  In  monkeys  and  in  mankind,  the  complex  antmgement  of 
the  muscular  bundles  leads  to  a  corresponding  irregularity  in 
the  arrangement  of  the  lymphatics  of  the  musculature,  but  even 
there  the  principle  of  layers,  corresponding  to  the  bundles  of 
muscle,  can  be  clearly  recognised. 

3.  The  complexity  and  amount  of  the  lymphatics  increases 
as  a  rule  very  distinctly  as  the  size  of  the  class  of  animals 
increaaes. 

4  In  rats,  mice,  and  similar  small  mammals,  there  is  only  one 
main  plexus  lying  between  the  circular  and  longitudinal  muscles. 
From  this  plexus  small  twigs  pass  around  the  outer  or  longi- 
tudinal muscular  layer,  but  retijirn  again  to  the  plexus.  These 
have  been  erroneously  spoken  of  as  the  lymphatics  of  the 
subserosa.  Few  or  no  lymphatics  pierce  through,  or  appear  on, 
the  mucosa  surface  of  the  circular  layer  of  muscles.  Their 
mucosa  possesses  few  or  no  lymphatics. 

5.  In  medium-sized  animals,  like  the  sheep  or  goat,  the 
lymphatic  twigs  passing  to  the  subserosa  retain  their  compara- 
tive amount  and  size,  but  the  circular  muscle  is  now  pierced  by 
large  lymphatics  which  ramify  in  the  mucosa.  The  larger 
portion  of  the  lymphatics  of  the  mucosa  ramify  like  a  cactue- 
plant  on  its  deep  surface,  and  send  loops  towards  the  free 
surface,  from  which,  however,  they  are  generally  separated  by  a 
certain  thickness  of  tissue,  and  a  very  regular  and  complete 
blood-capillary  plexus. 

6.  In  large  mammals,  like  the  mare,  no  lymphatics  appear  on 
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tbe  peritoneal  side  of  the  musoulatuie,  but  a  great  development 
of  lymphatics  takes  place  on  the  mucosa  surface  and  within  the 
mucosa  itself.  The  lymphatic  plexus  on  the  deep  surface  of  the 
mucosa  is  formed  by  immense  valved  vessels,  which  send  off 
branches  both  as  loops  and  villous  processes,  that  pass  right  up 
to  the  epithelium  of  the  inner  surface  of  the  uterus.  Under 
that  epithelium  the  villous  processes  end,  but  the  loops  often 
ramify  as  sinuous  channels  between  the  openings  of  the  uterine 
glands. 

7.  The  changes  caused  by  pregnancy  are  best  marked  in  the 
intermuscular  layer  of  lymphatics,  which  increase  greatly  in  size, 
but  not  appreciably  in  number.  The  chapges  are  marked  to  a 
much  less  extent,  both  in  the  lymphatics  of  the  mucosa  and  of 
the  longitudinal  muscular  coat 

8.  The  uterine  glands  have  no  connection  with  the  lymphatics, 
either  in  the  pregnant  or  non-pregnant  uterus,  and  their  function 
seems  entirely  suspended  during  pregnancy. 

In  the  snbseioBa  of  all  animals,  there  are  no  lymphatics  having 
their  commencement  there,  as  a  collecting  plexus.  The  small 
twigs  found  there  come  from  the  deeper  lymphatics  of  the  inter- 
muscular plexus,  and  after  a  very  short  course  return  thither,  so 
that  there  is  no  ground  for  speaking  of  these  twigs  as  belonging 
to  a  separate  category  of  subserous  lymphatics. 


DESCRIPTION  OF  PLATES  I.  AND  II. 

LYMPHATICS  OF  THB  UTBBINB  MUCOSA. 
{Drawings  made  by  tlie  aid  qf  the  Camera  Lucida,) 

Fig.  1.  Sheet  or  plexoB  of  huge  valved  efferent  lymphatics  lying 
upon  the  deep  surface  of  the  uterine  mucosa  in  the  mare,  ^^, 

Fig.  2.  Terminal  sinuous  twigs  of  superficial  and  valveless  collect- 
ing lymphatics,  appearing  immediately  underneath  the  lining  epithe- 
lium of  the  uterine  mucosa  in  the  mare.  These  twigs  are  the  ultimate 
radicles  of  the  plexus  seen  in  fig.  1,  both  figures  baring  been  drawn 
under  the  same  magnifying  power,  and  representing  the  opposite  surface 
of  the  same  mucosa,  '^. 

Fig.  3.  View  under  high  magnifying  power  of  the  extreme  point 
of  one  of  the  yillns  or  cul-de-sao  terminations  of  the  lymphatics  on 
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the  free  surface  of  the  uterine  mucosa,  immediately  underneath  its 
covering  epithelium,  showing  specially  its  relations  to  the  openings  of 
the  uterine  glands  in  the  mare,  ^J^. 

Fig.  4.  Magnified  view  of  a  portion  of  one  of  the  terminal  twigs 
of  the  sinuous  variety  seen  in  fig.  2,  in  order  to  show  its  relations 
with  the  glands,  hlood-ve8sels,  and  hranched  cells  of  the  locality,  ^ 

Fig.  5.  Summit  of  the  arch-like  bend  of  one  of  the  superficial 
lymphatics  of  the  uterine  mucosa  in  the  pig,  where  the  lymphatic 
approaches  nearest  to  the  surface  but  still  lies  underneath  the  regular 
superficial  blood  capillary  network  characteristic  of  this  and  of  the 
bovine  animals,  but  which  does  not  exist  in  the  mare.  .In  this  animal 
also  the  gland  openings  are  so  far  apart  that  none  of  them  appear  in 
the  same  field  with  the  lymphatic,  and  only  the  larger  branches  of  the 
blood  capillary  plexus  have  not  been  removed  by  the  scalpel,  -^^ 

Fig.  6.  Superiicial  portion  of  the  lymphatics  of  the  uterine  mucosa 
in  the  sheep,  forming  loops  or  arches  dilated  at  their  centres.  These 
loops  do  not  come  so  near  to  the  lining  epithelium  as  on  the  mare,  but  lie 
between  the  branching  uterine  glands  and  the  surface  epithelium,  ^. 

Fig.  7.  View  under  a  low  power  of  the  terminal  loops  in  the 
sheep,  of  which  fig.  6  is  a  portion  highly  magnified,  ^. 

Fig.  8.  Highly  magnified  view  of  a  portion  of  the  plexus,  of 
efferent  lymphatics  lying  on  the  deep  surface  of  the  uterine  mucosa  in 
the  goat.  This  plexus  corresponds  to  that  seen  in  fig.  1  from  the 
mare,  and  it  is  intended  as  a  companion  to  fig.  6,  in  continuation  of 
the  superficial  lymphatics  of  the  mucosa  in  the  sheep,  the  character  of 
the  uterine  structure  being  similar  in  the  two  animals,  ^. 

The  following  letters  apply  equally  to  all  the  above  figures  :- 
lymphatics;  //,  uterine  glands;  c,  branched  cells;  v,  blood-vessels. 
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Fig.  9.  View  under  very  low  power  of  the  lymphatic  twigs  appear- 
ing on  the  outer  or  subperitoneal  surface  of  the  longitudinal  muscular 
layer  of  the  non-pregnant  uterus  of  the  mouse,  showing  that  these 
belong  to  the  muscle  and  not  to  the  subserosa,  ^, 

Fig.  10.  Highly  magnified  view  of  one  of  the  twigs  seen  in  fig.  9, 
in  order  to  show  comparatively  the  changes  effected  in  the  size  of  the 
endothelium  and  calibre  by  pregnancy,  by  comparison  with  fig.  1 1,  -^, 

Fig.  11.  From  the  same  locality  and  under  the  same  magnifying 
power  as  fig.  10.    From  the  pregnant  uterus  at  term  in  the  niouse^  ^. 

Fig.  1 2.  View  under  low  power  of  the  lymphatic  twigs  on  the  sub- 
peritoneal surface  of  the  longitudinal  muscular  layer  of  the  non-preg- 
nant utenis  of  the  goat,  for  comparison  with  fig.  13,  ^, 

Fig.  13.  View  under  the  same  power  as  fig.  12  of  the  same 
description  of  lymphatics  dilated  by  pregnancy  in  the  sheep,  the  foetus 
being  a  little  more  than  half  grown,  ^. 

Fig.  14.  View  under  high  power  of  the  lymphatics  belonging  to, 
and  lying  parallel  with,  the  circular  layer  of  muscle  of  the  non-prognant 
uterus  of  the  pig.     This  figure  is  drawn  from  the  mucosa  side  of  the 
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muscular  layer,  although  it  really  lies  in  the  same  plane  with  that 
layer. 

Fig.  15.  View  under  very  low  power  of  the  lymphatics  or  lym- 
phatic of  the  circular  muscular  layer  in  the  pregnant  uterus  of  the 
sheep,  from  which  fig.  13  was  drawn,  in  order  to  show  the  dilatation 
caused  by  pregnancy  in  two  similarly  sized  animals  like  the  sheep  and 
the  pig.  Fig.  14  has  been  reproduced  in  fig.  16,  under  the  same  mag- 
nifying power  as  fig.  15,  for  comparison  with  the  latter,  ^. 

Fig.  17.  Transverse  section  through  the  musculature  of  the  body 
of  the  human  uterus,  showing  the  lymphatics  iujected  by  cancer  cells 
in  section,  and  their  relationship  with  the  dilated  blood-vessels,  ^. 

Fig.  18.  Antero-posterior  section  through  the  front  wall  of  the  same 
uterus  as  in  fig.  17,  in  the  mesial  line  of  the  neck,  showing  that  even 
in  the  irregularly  arranged  musculature  of  the  human  uterus  the  lym- 
phatics still  appear  to  be  in  layers  (diagonally  across  the  drawing),  •^. 

In  the  above  the  following  letters  apply  throughout : — e,  peritoneal 
endothelium  ;  /,  lymphatic ;  m,  muscle ;  v,  blood-vessels. 

Fig.  19.  Comparative  view  of  the  size  of  various  endothelial  and 
epithelial  cells,  having  special  reference  to  c,  the  cells  lining  the  great 
bursal  cavities  lying  between  the  uterine  mucosa  and  muscularis ;  a, 
lymphatic  endothelium ;  b,  lining  epithelium  of  the  uterine  cavity ;  d, 
lining  epithelium  of  the  uterine  glands ;  e,  venous  endothelium,  y^. 
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A  CASE  OF  TRANSPOSITION  OF  THE  AOBTA  AND 
PULMONARY  ARTERY  IN  A  CHILD  OF  SEVEN 
MONTHS.  By  Henry  Ashby,  M.D,  Lond,  Lecturer  on 
Diseases  of  Children  at  the  Oweivs  College. 

Among  the  varied  forms  of  congenital  deformities  of  the  heart, 
no  one  is  more  curious  than  that  which  is  distinguished  by  the 
aorta  arijaing  from  the  right  and  the  pulmonary  artery  from  the 
left  ventricla  This  reversal  of  the  natural  arrangement  is  by 
no  means  common,  still  numerous  instances  are  to  be  found 
recorded  since  the  beginning  of  the  century.  Dr  Peacock  in 
his  work  on  MdlformationB  of  the  Heart  gives  references  to  some 
twenty  cases.  Lewis  Smith  has  collected  fourteen,  though  very 
probably  he  has  included  some  of  the  above.  A  typical  case, 
with  plates  and  description,  will  be  found  in  Forster's  MisAU- 
dungen  des  Menschen.  Others  will  also  be  found  scattered 
through  the  pages  of  the  journals.  The  one  which  survived  the 
longest  that  I  have  been  able  to  find  is  one  referred  to  by  Dr 
Peacock,  which  lived  two  years  nine  months,  but  for  the  most 
part  such  monstrosities  terminate  their  existence  in  a  few  weeks 
to  a  few  months.  The  following  case,  which  survived  seven 
months,  is  perhaps  worthy  of  being  recorded : — 

Mary  0.,  aged  two  months,  was  admitted  to  the  Dispensary 
for  Sick  Children,  Manchester,  in  December  1880.  Her  mother 
stated  that  at  birth  she  was  very  white,  but  in  two  daj's  became 
blue,  and  lias  remained  very  blue  ever  since.  She  was  small  for 
her  age,  feeble,  wasted,  sluggish  in  her  movements ;  her  face  had 
a  pale  blue  tinge,  while  her  tongue,  mucous  membrane  of  the 
mouth,  and  extremities,  were  of  a  dusky  blue  colour. 

The  heart  sounds  were  normal  but  weak,  and  there  was  no 
bruit  The  breath  sounds  were  normal,  but  there  was  some 
want  of  resonance  under  the  left  clavicla  The  child  came 
regularly  to  the  dispensary  from  week  to  week;  it  remained 
small,  feeble  and  cyanotic ;  its  growth  was  apparently  slow ;  it 
suflFered  at  length  from  stomatitis,  and  died  in  the  following 
May  at  the  age  of  seven  and  a  half  months. 
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Pod-martem. — On  opening  the  chest  it  was  apparent  that  the 
shape  of  the  heart  was  peculiar;  its  right  maigin  was  more 
rounded  in  outline  than  usual,  and  the  right  side  occupied  an 
abnormally  large  portion  of  the  anterior  surfaca  It  was  seen 
that  the  aorta  was  arising  from  the  right  yentricle,  and  the 
pulmonary  artery,  much  smaller  than  the  aorta,  was  situated 
behind  the  latter  and  arose  from  the  left 

Both  vessels  after  leavii^  the  heart  pursued  a  normal  course. 
The  ductus  arteriosus  was  impervious.  The  lungs  were  healthy. 
On  opening  the  cavities  of  the  heart  the  following  notes  were 
made: — 

Right  Auricle, — Capacious  cavity,  occupying  nearly  the  whole 
of  the  base  of  the  heart,  both  anteriorly  and  posteriorly,  well 
devdoped  auricular  appendix.  Superior  and  inferior  venas  cavas 
normaL  Foramen  ovale  consisting  of  a  vertical  slit  at  the 
anterior  aspect  of  the  fossa.  Eustachian  valve  hardly  a  trace 
left 

left  Auricle. — ^Very  small  cavity,  receiving  the  pulmonary 
veins  and  constituting  simply  a  dilated  channel  conveying  the 
blood  from  the  pulmonary  veins  to  tlie  open  foramen  ovale  and 
left  auriculo-ventricular  opening.    The  appendix  is  rudimentary. 

Sight  Ventricle. — Much  more  capacious  than  left,  with  walls 
more  than  twice  as  thick,  well-marked  columnsB  carnese ;  auri- 
culo-ventricular  opening  much  larger  than  left,  has  three  cusps, 
one  forming  a. hernial  protusion  through  an  opening  at  base 
of  septum  into  left  ventricle.  Aortic  opening  at  upper  part 
of  the  cavity. 

Z^  VerUride. — Much  smaller  than  right,  walls  thinner, 
apparently  cannot  contain  more  than  one-fourth  the  amount 
of  the  right;  auriculo- ventricular  opening  about  one-half  the 
diameter  of  the  right,  provided  with  two  small  cusps.  Opening 
of  pulmonary  artery  about  one-half  diameter  of  the  aortic 
Immediately  below  this  orifice  is  a  foramen  or  spot  where  the 
ventricular  septum  is  wanting.  A  similar  foramen,  though 
smaller,  is  present  in  the  septum  a  short  distance  below. 

With  the  above  arrangement,  it  is  obvious  that  during  life 
there  existed  two  distinct  circulations.  The  one  circulation  of 
blood  from  the  right  auricle  into- right  ventricle,  thence  via  aorta, 
arterial,  capillary,  and  venous  systems  back  to  the  right  auricle. 
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The  other  from  left  auricle  to  left  ventricle,  and  thence  via 
pulmonary  artery,  capillaries  of  the  lungs,  and  pulmonary  veins, 
to  the  left  auricle  again.  It  is  perfectly  certain  that  if  no  inter- 
communication existed  through  the  septa  between  the  two  sides 
of  the  heart,  that  venous  blood  would  continually  circulate  in 
the  one  and  arterial  blood  in  the  other.  But  in  this  case  an 
open  foramen  ovale  permitted  blood  from  the  pulmonary  veins 
to  mingle  with  the  venous  blood  of  the  right  auricle,  and  so 
leaven  to  a  certain  extent  the  venous  blood  distributed  to  the 
system,  while  the  imperfect  ventricular  septem  allowed  some  of 
the  venous  blood  of  the  right  side  to  enter  the  pulmonary  artery 
and  so  reach  the  lungs. 

From  the  cyanotic  appearance  of  the  infant  and  a  considera- 
tion of  the  above  arrangements,  it  is  quite  certain  that  a  large 
proportion  of  venous  blood  was  distributed  to  the  general 
system. 

During  foetal  life,  the  flow  of  blood  through  the  foramen  ovale 
must  have  been  in  the  normal  direction,  i.e.,  from  right  to  left ; 
while  after  birth  the  blood  must  have  flowed  in  the  opposite 
direction,  i,e^  from  left  to  right.  Before  birth  the  blood  of  the 
inferior  vena  cava,  must  have  been  distributed  by  the  pulmonary 
artery  through  the  ductus  arteriosus  and  descending  aorta  to  the 
lower  extremities,  instead  of  through  the  aorta  and  carotids  to 
the  head,  the  lower  extremities  and  lungs  thus  getting  the  purest 
blood  in  the  body.  The  narrowness  of  the  pulmonary  artery, 
and  consequent  distended  condition  of  the  left  side  of  the  heart, 
would  tend  to  prevent  the  complete  closure  of  the  intra-ventri- 
cular  septum,  and  on  the  other  hand  after  birth  allow  of  the 
obliteration  of  the  ductus  arteriosus. 

For  an  explanation  of  these  curious  cases  we  must  look  to 
embryology.  Prior  to  the  seventh  week  of  intra-uterine  life  the 
heart  consists  of  three  cavities,  a  ventricle,  an  auricle,  and  the 
aortic  bulb.  About  this  time  a  septum  is  gradually  formed  in 
each  leading  to  the  formation  of  two  ventricles,  two  auricles* 
and  two  canals,  the  aorta  and  pulmonary  artery.  At  the  same 
time  that  the  ventricular  septum  is  growing  from  below  upwards 
towards  the  base  of  the  heart,  the  partition  which  converts  the 
aortic  bulb  into  aorta  and  pulmonary  artery  is  being  formed 
from  above  downwards,  and  the  heart  undergoing  more  or  less 
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of  a  spiral  movement,  the  anterior  division  of  the  aortic  bulb  or 
pulmonary  artery  is  applied  to  the  anterior  or  right  division  of 
the  ventricles,  and  the  posterior  division  or  aorta  is  applied  to 
the  left  It  is  not  difiBcult  to  imagine  that  an  abnormal  twist 
of  the  ventricles  or  aortic  bulb,  or  an  unusual  growth  of  either 
septa  should  be  the  means  of  causing  a  transposition  of  the  large 
vessels. 

The  survival  of  the  foetus  would  depend  upon  the  extent  to 
which  the  foramen  ovale  remained  open,  and  the  ventricular 
septum  incomplete,  to  allow  of  an  intermingling  of  the  arterial 
with  the  venous  blood. 

Size  of  the  varUms  Openings. 


Foramen  ovale,  . 

10  mill. 

in  diam. 

Eight  auriculo-ventricular, 

15    „ 

» 

Left        do.           do.. 

7    „ 

» 

Aorta,    .... 

12    „ 

if 

Pulmonary  artery, 

5-5  „ 

i9 

Upper  inter-ventricular  foramen. 

5     „ 

tt 

Lower        do.              do., 

4    „ 

ON  SOME  POINTS  IN  THE  HISTOLOGY  OF  THE  NEWT, 
By  WiLUAM  Stirling,  M.D.,  Sc.D.,  Professor  of  tJie  Insti- 
tutes of  Medicine  in  the  University  of  Aberdeen, 

DuBiNG  the  course  of  last  summer  session  I  had  occasioii  to 
investigate  the  various  tissues  of  the  common  newt,  and  I  am 
able  to  confirm  fully  the  results  of  the  various  observers  vrho 
praise  the  newt  so  highly  for  histological  purposes.  I  would 
call  attention  to  two  preparations  which  I  find  to  be  particularly 
instructive  to  students,  as  illustrating  many  even  of  the  most 
recent  discoveries  in  the  structure  of  cells  and  nuclei 

Tfie  nudei  of  striped  mvscle  of  the  Newt. — I  find  the  striped  mus- 
cular fibres  of  the  newt  are  particularly  good  for  demonstrating 
the  nuclei  with  their  well-marked  intranuclear  plexus  of  fibrils, 
which  can  be  shown  with  the  utmost  clearness  and  distinctness. 

Method, — Place  very  small  portions  of  any  striped  muscle — 
from  the  back  or  a  limb — in  a  five  per  cent,  solution  of 
ammonium  chromate  for  twenty-four  hours.  After  this  time 
wash  away  the  surplus  chromate,  and  tease  a  small  piece  in 
picrocarmine,  and  mount  it  in  glycerine  containing  a  trace  of 
formic  acid.  Seal  up  the  preparation,  and  after  two  days 
examine  it,  when  the  very  long  fusiform  nuclei  wUl  be  found 
stained  of  a  deep  red.  Within  each  nucleus  one  can  see  with 
the  utmost  clearness  the  intranuclear  plexus  of  fibrils.  On 
comparing  the  plexuses  within  different  nuclei,  it  is  easy  to  make 
out  marked  differences  in  the  arrangement  of  the  fibrils.  As  in 
the  frog's  muscle,  these  nuclei  are  scattered  throughout  the 
whole  thickness  of  the  sarcous  substance ;  but  this  arrangement 
is  better  seen  in  transverse  sections  of  the  fibres.  I  find,  how- 
ever, the  following  method  yields  excellent  results: — ^After 
teasing  a  small  piece  of  muscle  in  picrocarmine,  wash  away  the 
surplus  picrocarmine,  and  stain  the  morsels  of  tissue  in  a  watery 
solution  of  iodine  green  in  the  usual  way,  and  mount  them  in 
Canada  balsam  or  dammar.  The  advantage  of  this  double  stain- 
ing is  this, — that  the  sarcous  substance  is  stained  red,  whilst  the 
nuclei  stand  out  of  a  bright  green.  The  intranuclear  plexus  is 
again  distinct,  and  it  is  easy  to  convince  oneself  that  the  fibrils 
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are  embedded  in  an  interfibrillar  substance,  wbich  is  deeply 
stained  with  the  iodine  green. 

Tail  of  the  Newt — Another  preparation  which  I  find  most  use- 
ful for  class  purposes,  is  a  transverse  section  of  the  tail  of  a  newt, 
which,  containing  as  it  does  so  great  a  variety  of  tissues,  forms  a 
most  interesting  and  instructive  object  of  study  for  the  student. 
Klein  has  already  described  {Quarterltf  Microseopiectl  Journal)  the 
ohaiaeters  of  tiie  glands  and  epithelium  of  the  skin  of  the  newt^  and 
given  minute  details  regarding  them  and  their  structure,  and  also 
indicated  a  modification  of  the  picric  acid  method  for  their  demon* 
stratioiL  In  preparing  the  tail  of  the  newt  for  microscopic  ex-» 
aminatLoo,  one  may  employ  either  the  method  indicated  by  Klein, 
or  use  a  five  per  cent  solution  (^  per  cent.)  of  chromic  acid,  to 
which  one^third  its  volume  of  methylated  spirit  has  been  added* 
A  few  days  suffice  to  harden  the  tissues  if  the  latter  fluid  be  used. 
Transverse  sections  are  made,  aad  may  be  stained  with  picro- 
oarmine  and  mounted  in  glycerine,  or  doubly  stained  with  picro- 
carmioe  and  iodine  green,  as  indicated  for  newts'  muscla  The 
advantage  of  this  preparation  is,  that  it  shows  so  many  tissues. 
The  epithelium,  with  its  large  nuclei  with  an  intranuclear 
plexus,  in  several  layers  is  seen  on  the  surface;  and  at  the  base  of 
this,  or  scattered  amongst  the  deeper  epithelial  cells,  it  is  easy 
to  fiad  branched  pigment  cells.  The  simple  saccular  glands, 
with  a  mouth,  opening  on  the  surface  between  the  epithelial 
cells,  are  specially  instructive  to  the  student,  because  they  offer 
an  example  of  a  secretory  gland  of  a  most  simple  type ;  and,  as 
Klein  showed,  the  cells  lining  these  glands  are  remarkably  large, 
and  so  are  their  nuclei,  so  that  it  is  easy  to  demonstrate  the  ex- 
istence of  the  fibrillar  plexuses  within- them.  Numerous  sections 
of  muscular  fibres  are  met  with,  and  the  nuclei  are  very  large  and 
scattered  throughout  the  sarcous  substance ;  some  are  under  the 
sarcolemma,  and  others  are  embedded  in  the  sarcous  substance. 
They  stand  out  prominently  in  the  doubly-stained  specimen.  The 
connectivie  tissue,  or  endampsmm,  is  particularly  instructive,  for  it 
assumes  a  well-marked  lamellar  form  with  laige  connective  tissue 
plates  between  the  lamellee.  Many  fat  cells  and  a  portion  of  bone 
— the  section  of  a  vertebra — will  be  found ;  and  if  the  section  is 
taken  from  the  tail  near  where  it  was  detached  from  the  trunk, 
one  obtains  a  section  of  the  posterior  extremity  of  the  spinal  cord. 


ON  THE  NERVES  OF  THE  LUNGS  OF  THE  NEWT.  By 

WiLUAM  Stirling,  M.D.,  ScD.,  Professor  of  the  InstitiUes 
of  Medicine  (Physiology)  in  the  University  of  Aberdeen. 
(Plates  III.  and  IV.) 

The  lungs  of  the  newt  consist  of  two  long,  narrow,  transparent 
membranous  sacs  which  extend  far  backwards  into  the  abdominal 
cavity  above  the  other  viscera.  Their  outer  surface  is  smooth 
and  polished,  as  it  is  covered  by  a  layer  of  the  peritoneum  lining 
the  pleuro-peritoneal  cavity.  Each  lung  is  a  perfectly  simple 
sac,  with  no  septa  or  partitions  on  its  internal  surface,  so  that  no 
depressions  are  seen  on  its  outer  aspect.  The  cavity  of  each 
lung  communicates  with  the  glottis  by  means  of  a  narrow  mem- 
branous tube  which  represents  the  trachea. 

The  peritoneal  investment  forms,  as  it  were,  a  mesentery  for 
each  lung,  but  this  mesentery  exists  only  along  the  inner  margin 
of  the  upper  half  of  each  lung,  so  that  the  lower  or  posterior  half 
is  quite  mobile.  The  outer  surface  of  the  lung  is  covered  by  a 
layer  of  polygonal  sqiiames,  whose  existence  is  easily  revealed 
by  the  action  of  silver  nitrate.  I  have  not  succeeded  in  finding 
any  stomata  amongst  the  epithelial  cella  A  small  quantity  of 
white  fibrous  tissue,  containing  a  meshwork  of  elastic  fibres,  lies 
immediately  under  the  epithelial  investment  A  few  branched 
pigment  cells  are  found  in  this  serous  coat,  especially  along  the 
course  of  the  pulmonary  vein.  Indeed,  the  lung  is  very  slightly 
pigmented,  so  that — as  has  long  been  known — ^it  afifords  an 
excellent  object  for  the  microscopic  examination  of  the  circula- 
tion of  the  blood. 

In  considering  the  layers  of  tissue  which  form  the  wall  of  the 
lung,  and  proceeding  from  without  inwards,  in  addition  to  those 
already  mentioned — epithelium,  fibrous  tissue  containing  an 
elastic  network — we  come  upon  a  layer  of  n^m-striped  musde. 
This  forms  a  complete  investment  for  each  lung,  and  the  mus- 
cular fibres  are  disposed  circularly,  forming  a  layer  of  nearly 
uniform  thickness.  The  muscular  fibres  composing  this  layer 
are  large  and  fusiform  in  shape,  and  have  a  well-defined  nucleus 
containing  an  intranuclear  plexus  of  fibrils,  and  they  exactly 
resemble  similar  fibres  which  Klein  and  others  have  described 
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as  occurriiig  in  the  mesentery  of  the  newt.  Their  characters 
are  easily  demonstrated  by  the  usual  method  with  ammonium 
chromate  and  subsequent  staining  with  picro-carmine. 

loside  this  layer  of  non-striped  muscle  we  come  upon  the 
layer  of  the  blood-vessels,  and  internal  to  this  the  epithelium 
lining  the  lung.  The  nerves  of  the  lung  are  distributed  with 
special  reference  to  the  muscular  coat 

Let  us  consider  the  arrangement  of  the  blood-vessels. 

Tht  Blood-Vessels. — ^A  branch    of   the  pulmonary  artery — 
narrower  than  the  corresponding  vein — ^runs  to  each  lung.     It 
enters  the  wall  of  the  lung  at  its  anterior  end,  and  courses  along 
the  outer  wall  of  the  lung,  and  as  it  does  so  it  gives  off  on  each 
side  a  series  of  branches  which  form  more  or  less  acute  angles 
with  the  main  trunk.    These  branches  run  more  or  less  hori- 
zontally round  the  lung  towards  the  pulmonary  vein,  which  lies 
along  the  opposite  or  inner  side  of  the  lung.    They  give  off 
branches  which  rapidly  split  up  into  capillaries,  from  which  the 
venous  radicles  arise  usually  midway  between  two  branches  of 
the  pulmonary  artery,  and  run  nearly  horizontally  to  join  the 
large  pulmonary  vein.      The  arrangement  of  the  pulmonary 
artery  and  vein  is  well  shown  in  PL  III.  fig.  1,  which  represents 
part  of  the  lung  of  a  newt  laid  open,  and  spread  out  flat,  after  it 
had  been  acted  on  in  the  usual  way  with  gold  chloride.*  P. A. 
represents  the  pulmonary  artery,  and  P.Y.  the  pulmonary  vein. 
The  branches  of  the  P.A.  are  less  regular  than  they  usually  are. 
The  venous  radicles  arising  between  two  branches  of  P.A.  and 
their  union  at  right  angles  with  P.Y.  are  well  shown.    In  the 
same  drawing  the  muscular  layer  is  represented.     It  is  not 
necessary  to  inject  the  blood-vessels  of  the  lungs  to  see  this 
arrangement,  as  their  distribution  is  easily  made  out  from  the 
arrangement  of  the  coloured  blood-corpusdes. 

There  is  an  important  point  of  difference,  however,  in  the 
position  of  the  pulmonary  artery  and  vein  ¥rith  regard  to  the 
muscular  coat  The  large  trunk  of  the  pulmonary  vein  lies  quite 
superficially — ^it  is  covered  by  the  serous  coat,  and  lies  external 
to  the  muscular  layer,  whilst  the  pulmonary  artery  lies  internal 
to  the  muscular  layer.  The  capillaries  in  the  pulmonary  walls 
lie  internal  to  the  muscular  layer  and  immediately  under  the 
epithelium  lining  the  lung. 
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Ths  Pulmonary  EpUhdivm. — ^If  a  newt  be  killed  by  pithing, 
not  by  ether  or  chloroform,  and  one  of  its  lungs  be  excised,  slit 
open,  and  placed  on  a  slide  with  its  inner  surface  uppermost,  and 
if  it  be  moistened  with  a  drop  of  salt  solution,  and  examined 
with  a  low  magnifying  power,  one  can  easily  make  out  the 
arrangement  of  the  ciliated  epithelium  which  coven  certain 
parts  of  the  inner  surface  of  the  lung.  The  ciliated  epithelium 
of  the  short  trachea  is  prolonged  into  the  lung  in  a  special  tract, 
viz.,  along  the  course  of  the  pulmonary  vein  and  its  chief 
branches.  The  ciliated  epithelium  in  its  distribution  follows 
closely  the  pulmonary  vein,  but  it  extends  for  a  short  distance 
beyond  the  margin  of  the  vein  and  its  large  branches,  where  the 
ordinary  epithelium  lining  the  rest  of  the  lung  begins.  The 
limits  of  distribution  are  abrupt  and  weU  marked,  as  is  easily 
shown  by  the  action  of  osmic  acid,  which  fixes  the  tissue 
elements.  No  ciliated  epithelium  exists  over  the  course  of  the 
pulmonary  artery,  which^  has  internal  to  it,  next  the  cavity  of 
the  lung,  a  plexus  of  capillaries,  and  the  ordinary  epithelium 
lining  the  lung.  The  pulmonary  vein,  on  the  other  hand,  lying 
as  it  does  outside  the  muscular  coat,  has  internal  to  it  the  mus- 
cular coat,  no  caplQaries,  but  a  layer  of  ciliated  epithelial  cells. 
Dr  Thomas  Williams^  figures  ciliated  epithelium  as  occurring 
over  the  course  of  the  pulmonary  artery,  where  I  have  satisfied 
myself  it  does  not  occur.  Williams  also  states  that  it  occurs 
over  the  course  "  of  the  principal  blood-vessels." 

The  epithelium  lining  the  rest  of  the  lung  is  easily  seen. 
Nuclei  in  groups  of  two,  three,  or  more,  are  recognised  lying  in 
the  meshes  of  the  capillary  plexus  lining  the  lung.  These  nuclei 
belong  to  the  epithelial  cells  lining  the  lung.  It  is  necessary  to 
isolate  these  cells  to  ascertain  their  shape.  This  is  best  done  by 
"  dilute  alcohol "  as  was  first  pointed  out  by  Eanvier.  When 
isolated  they  are  seen  to  consist  of  a  flattened  cell  plate 
enclosing  a  large  globular  nucleus,  which  can  be  shown  to 
contain  an  intranuclear  plexus  of  fibrils  such  as  occurs  in  aU 
cell  nuclei  The  arrangement  of  these  cells  is  curious.  They 
lie  in  groups,  and  the  large  nuclei  occupy  the  small  spaces  left 
between  the  blood-capillary  network,  whilst  the  thin  plates  of 

^  "  Respiration,"  by  Thomas  Williams  (Todd  h  Bowmau*s   Cyelopcedia  of 
AarU,  and  Phya,  vol.  v.). 


ON  THE  NEBVES  OF  THE  U7KGS  OF  THE  NEWT.       99 

each  cell  cover  the  capillary  walL  The  result  of  this  arrange- 
ment is  that  the  air  in  the  lung  is  separated  from  the  blood- 
stream merely  by  the  cell  plate  of  these  cells  and  the  squames 
which  form  the  capillary  wall  Ranvier^  has  shown  that  a 
similar  arrangement  exists  in  the  lung  of  the  frog,  where  the 
nuclei,  with  a  small  quantity  of  protoplasm  surrounding  them, 
lie  in  groups  of  two  or  three,  and  occupy  the  "  inter-vascular 
fossae,"  whilst  the  very  thin  cell  plate  extends  over  the  capil- 
laries. Banvier  gives  a  figure  of  lamellae  of  such  epithelium 
isolated  by  means  of  iodised  serum.  I  have  attempted  to  show 
the  relation  of  these  epithelial  cells  in  the  schema  (PI.  IV. 
figs.  7  and  8).  In  fig.  7  c.c.  represent  the  course  of  the  capillary 
blood-stream,  and  s.s.  represent  the  groups  of  epithelium  seen 
from  above.  The  scheme  shows  an  ideal  plan  of  tlie  wall  of 
the  lung,  where  layer  after  layer  is  removed  from  the  surface 
inwards.  In  fig.  8  an  ideal  vertical  section  of  the  wall  of  the 
lung  is  shown  ;  c.c.  again  represent  the  blood-stream,  while  8.S. 
represent  tbe  epithelial  cells,  with  their  cell  plates  projecting 
over  the  capillaries. 

The  Nerves. — The  nerves  in  the  pulmonary  wall  are  easily 
demonstrated  by  the  modification  of  the  gold  chloride  method, 
introduced  by  Banvier.  The  medullated  nerve  fibres  are  easily 
revealed  by  the  action  of  osmic  acid.  The  gold  chloride  method 
which  I  have  found  to  give  the  best  results  is  Banvier^s^  lemon- 
juice  and  formic  acid  method,'  which  he  introduced  for  studying 
the  terminations  of  the  nerves  in  the  cesophagus.  The  formic 
acid  removes  all  the  epithelium,  so  that  a  better  view  is  obtained 
of  the  structures  in  the  wall  of  the  lung. 

The  chief  pulmonary  branches  of  the  vagus  enter  each  lung  at 
its  anterior  extremity  in  two,  three,  or  more  strands,  close  to  the 
pulmonary  vein ;  a  few  non-medullated  fibres  follow  the  course  of 
the  pulmonary  artery.  The  branches  around  the  pulmonary  vein 
are  of  unequal  thickness,  and  during  the  whole  of  their  couise  in 
the  wall  of  the  lung  the  large  mixed  nerve  strands  lie  in  close  re- 
lation with  the  main  trunk  of  the  pulmonary  vein.    After  they 

1  L.  Banyier,  TraiU  technique  cThidologie,  p.  288,  1875. 
'  Lemons  cCAncU.  gin&ale  {appareil  nervevx  terminaux),  L.  Ranvier,  p.  368, 
1880. 
*  Text-Book  qfjhraetical  Eutology,  W.  Stirling,  p.  adv.,  1881. 
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enter  the  wall  of  the  lung  they  exchange  filaments,  so  that  in  this 
way  a  plexus  is  formed  more  or  less  dense  along  and  around  the 
course  of  the  pulmonary  vein  and  its  larger  branches.  This 
arrangement  is  shown  in  PL  III.  fig.  1,  which  is  taken  from  a  pre- 
paration made  by  the  gold  chloride  method  above  mentioned.  The 
branches  of  the  nerves  are  represented  black  (N".K),  and  their 
relations  to  the  course  of  the  pulmonary  vein  are  easily  made 
out.  As  the  vein  lies  superficial,  i,e,,  external  to  the  muscular 
coat  of  the  lung,  the  nerve  fibres  are  also  superficial  to  the  mus- 
cular coat.  They  lie  between  it  and  the-  serous  coat,  so  that  the. 
branches  of  the  nerves  therefore  lie  in  direct  relation  with  the 
muscular  coat.  The  nerve  fibres  are  medullated  and  non- 
meduUated,  so  that  the  nerve  strands  are  mixed  nerve  strands ; 
and,  in  addition,  a  lai^e  number  of  nerve  cells  are  found  lying 
amongst  the  nerve  fibres.  The  nerve  cells  are  found  along  the 
whole  course  of  these  mixed  nerve  strands,  where  these  are  in 
relation  with  the  pulmonary  vein,  and  occur  singly  or  in  groups, 
and  are  usually  most  numerous  where  branches  are  given  ofif. 
One  may  regard  these  groups  of  nerve  cells  as  the  homologues 
of  the  nerve  ganglia,  which  have  been  described  (Semak,  Klein, 
Stirling)  on  the  pulmonary  branches  of  the  vagus  in  mammals, 
and  in  frogs  by  Arnold,  Beale,  and  more  recently  by  Egerow  and 
KandarazkL  The  general  appearance  and  arrangement  of  these 
nerve  cells  and  their  relations  to  the  nerve  fibres  is  well  shown 
in  PI.  III.  fig.  2,  which  represents  a  small  portion  of  the  lower 
part  of  fig.  1  more  highly  magnified.  The  nerve  strands  (N.K) 
as  they  pass  towards  the  posterior  extremity  of  the  lung,  give  oflf 
branches  which  may  contain  one  or  more  medullated  fibres  and 
several  non-medullated  nerve  fibres,  whose  probable  mode  of 
termination  I  shall  mention  presently. 

As  already  indicated,  both  medullated  and  non-medullated 
nerve  fibres  enter  the  lungs,  and  in  a  preparation  which  has  been 
subjected  to  the  action  of  osmic  acid,  it  is  easy  to  count  the 
number  of  medullated  nerve  fibres,  for,  as  is  well  known,  the 
myeline  is  blackened  by  this  reagent.  I  have  counted  as  many 
as  twenty  of  these  fibres  in  the  various  mixed  nerve  strands, 
where  they  enter  the  lung.  It  is  not  so  easy  to  make  out  the 
number  of  non-medullated  fibres,  but  they  are  more  numerous 
than  the  others.     On  tracing  the  course  of  the  medullated  fibres 
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one  may  find  that  a  fibre  which  enters  the  lung  in  one  nerve 
strand  may  leave  this  strand  and  enter  a  neighbouring  one,  so  that 
there  is  an  exchange  of  fibres  between  the  different  nerve  stranda 
This  exchange  is  represented  in  fig.  2.  These  medullated  fibres 
leave  the  nerve  strands  either  singly  or  in  company  with  several 
non-meduUated  fibres,  thus  forming  minute  branches  which  run 
on  to  the  muscular  coat  of  the  lung,  where  their  mode  of  ter- 
mination will  be  considered  afterwards.  These  nerve  fibres  are 
slightly  smaller  than  the  corresponding  fibres  in  the  lung  of  the 
frog.  It  is  obvious,  therefore,  that  the  size  of  the  large  mixed 
nerve  strands  becomes  less  and  less  as  they  are  traced  on  towards 
the  posterior  end  of  the  lung,  although  even  there  three  or 
four  medullated  fibres  may  be  found.  On  tracing  medullated 
fibres  onwards,  one  may  find  a  fibre  leaving  one  of  the  main 
strands  passing  into  a  branch,  and  without  forming  connections 
with  any  structure  re-enter  one  of  the  main  nerve  strands  at  a 
lower  level.  I  do  not  find  that  the  medullated  fibres  form 
connections  with  any  of  the  numerous  nerve  cells  lying  in  the 
course  of  the  nerve  strands.  When  a  medullated  fibre  finally 
leaves  one  of  the  main  nerve  strands  it  runs  outside  and  upon  the 
muscular  coat  of  the  lung,  where  it  divides — usually  into  two 
branches,  and  always  at  a  node  of  Banvier, — each  branch  being 
nearly  as  large  as  the  original  fibre.  Several  fibres  may  lie 
together  in  a  sheath  of  Henle,  but  gradually  the  different  fibres 
take  different  courses,  so  that  one  may  find  only  a  single  fibre  which 
loses  its  myeline,  and  the  axis  cylinder  after  a  time  splits  up 
into  bundles  of  fibrils,  which  unite  with  fibrils  from  other  nerves, 
and  form  a  wide-meshed  nerve  plexus  of  fibrils  outside  and  upon 
the  muscular  layer  of  the  lung.  From  this  'primcury  plexus 
a  series  of  finer  branches  are  given  off,  which  form  a  secondary 
ncurrow-meshed  plexus  lying  nearly  in  the  same  plane. 

The  non-meduUated  nerve  fibres,  as  already  indicated,  are 
more  numerous  than  the  medullated,  and  in  their  course  in  the 
laige  mixed  nerve  strands  on  the  pulmonary  vein  they  form 
connections  with  some  of  the  processes  of  the  nerve  cells  lying 
in  these  strands.  They  may  easily  be  traced  into  the  various 
nerve  branches  that  are  given  off  by  these  nerve  strands.  Some- 
times, however,  a  branch  consisting  entirely  of  non-medullated 
fibres  may  leave  the  mixed  strand.    The  fibres  are  enclosed  in  a 
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nucleated  sheath  of  connective  tissue,  and  here  and  there  single 
nerve  cells  may  be  found  lying  between  the  fibres,  or  between 
them  and  the  sheath  (fig.  4).  The  fibres  may  form  a  plexns  at 
a  short  distance  from  the  main  tronk,  as  is  shown  in  PL  lY. 
fig.  4,  which  represents  several  branches  of  non-mednllated  fibres, 
leaving  one  of  the  large  mixed  strands.  On  tracing  these  nerve 
fibres,  one  finds  that  they  frequently  divide  dichotomously,  and 
ultimately  they  formed  a  wide-meshed  plexus — 'primary  plexus. 
At  the  points  of  division  nuclei  are  frequently  found  (fig.  6), 
and  these  nuclei  are  often  triradiate  in  shape,  presenting  a  resem- 
blance in  shape  to  the  cells  of  the  cerebrum.  In  the  course  of 
the  fibres  where  no  division  takes  place,  fusiform  nuclei  are  fre- 
quently seen.  This  network  lies  superficial,  i.e.,  external  to  the 
muscular  coat,  where  it  gives  off  a  series  of  finer  branches, 
which  reunite  and  form  a  secondary  nerve  plexus  with  finer 
meshes.  A  small  part  of  these  two  plexuses  is  represented  in 
PI.  IV.  fig.  6,  where  the  stronger  lines  represent  the  primary 
plexus  of  fibres  or  fibrils,  and  the  finer  lines  lying  underneath 
them  the  meshes  of  the  secondary  plexua  This  plexus  gives 
off  excessively  fine  fibrils,  which  dip  down  between  the  muscular 
fibres,  but  I  have  not  been  able  to  trace  a  direct  anatomical 
continuity  between  the  nerve  and  muscular  elements,  such  as 
Kanvier  has  established  for  the  nerves  in  the  intestine  of  the 
leech. 

As  already  indicated,  the  nerve  cells  are  numerous.  They 
exist  in  the  branches  of  the  vagus  before  they  enter  the  lungs, 
and  their  arrangement  and  distribution  after  the  nerves  enter 
the  lung  is  shown  in  PI.  III.  fig.  2,  where  P.V.  represents  the 
pulmonary  vein,  N.N.  the  mixed  nerve  strands  with  groups  of 
nerve  cells,  variable  in  size  and  arrangement. 

One  can  find  groups  of  these  nerve  cells  along  the  course  of  the 
main  nerve  strands  in  relation  with  the  pulmonary  vein  almost 
to  the  posterior  end  of  the  lung.  They  are  not  confined  to  the 
main  trunks,  however,  but  recur  singly  or  in  small  groups  in  the 
larger  nerve  branches.  Sometimes  the  cells  lie  singly  between 
the  sheath  of  the  nerve  and  the  nerve  fibres,  whilst  others  lie 
crushed  up  as  it  were  between  the  nerve  fibres.  As  already  re- 
marked, they  are  most  numerous  where  a  nerve  twig  is  given  off 
from  the  main  mixed  strand.    This  is  well  shown  in  PI.  III.  fig,  2. 
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In  tliese  small  aggregations  of  nerre  ofHiB  it  is  easy  to  treoe  the 
cooiae  ef  a  mednllated  flbfre  eweepiag  clear  through  the  mass, 
and  forming  no  connections  with  the  cells,  whilst,  oceasionalljr, 
one  may  see,  a  oonnection  between  a  nerve  ceU  process  sad  one 
of  the  non-meduUated  fibres.  This  arrangement  is  shown  in 
"PL  lY.  fig.  5,  ^diich  represents  a  small  groop  of'  nenne  cells. 
M.  shows  a  mednllated  fibre,  whilst  the  other  fibres  are  non- 
mednllated.  The  shape  of  the  nerve  cells  seems  to  vary  con* 
siderably;  some  appear  to  be  bipolar,  whilst  others  are  polygonal 
and  have  several  processes,  one  or  more  of  which  may  become 
continnouH  with  a  non-medoUated  fibre  (fig.  5).  Each  cell 
contains  a  relatively  large  nudens  nsnally  placed  excentrically, 
and  the  body  of  the  cell  may  or  may  not  be  enclosed  in  a 
capsola  Other  nncleated  masses  of  protoplasm  devoid  of 
processes  lie  amongst  the  nerve  fibres,  and  it  is  not  clear  what 
is  their  exact  natnre.  Perhaps  they  may  represent  developing 
nerve  cells. 

Up  to  this  time  I  have  described  the  arrangement  <rf  those 
nerve  fibres  which  enter  the  lung  along  the  course  of  the  pul^ 
momaory  vein,  but,  as  already  indicated,  the  pulmonary  artery 
has  also  a  very  few  nerve  fibres  in  relation  with  it,  but,  as  far  as 
I  have  made  out,  they  are  very  few  in  number,  and  are  non- 
mednllated.  This  arrangement  is  shown  in  PI  Itl.  fig.  1, 
where  P.A.  marks  the  position  of  the  pulmonary  artery,  and 
N.N.  indicate  the  fine  non-medullated  fibres  along  its  course, 
over  which  they  form  a  wide-meshed  plexus,  with  the  long 
axis  of  the  meshes  in  the  line  of  the  artery.  These  branches 
may  be  traced  along  the  artery  almost  to  its  termination.  A 
wide-meshed  plexus  of  non-medullated  nerve  fibres  exists  in 
the  arterial  adventitia,  from  which  branches  proceed  to  form  a 
narrower-meshed  plexus  which  lies  in  the  arterial  muscular 
coat  The  relations  of  the  adventitia  plexus  to  the  artery  are 
shown  in  PL  III.  fig.  3.  I  did  not  find  any  nerve  cells 
amongst  these  nerve  fibres,  nor  did  I  find  similar  well-defined 
plexuses  in  the  wall  of  the  pulmonary  vein. 

Dr  Wladimir  Egerow  i  has  given  a  description  of  the  nerves 
of  the  frog^s  lung,  where  he  shows  that  a  similar  arrangement  of 

*  "Uber  die  nerveu  der  Lungen,'*  by  W.  Egerow,  CeTUrdthlaU^  f,  d,  med, 
Wistenseh.,  No.  18, 1879. 
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the  nerves  exists  in  that  animal  I  have  also  investigated  the 
nerves  of  the  frog's  lung,  and  in  the  main  my  observations  agree 
with  those  of  Egerow  and  also  with  the  more  recent  results  of 
M.  EandarazM,^  but  I  reserve  the  publication  of  these  results 
until  another  occasion. 

My  investigations  on  the  nerves  of  the  lung  of  the  newt,  fpc^, 
cat,  rabbit,  dog,  and  other  mammals,  led  me  to  consider  the 
nervous  apparatus  of  the  lung  from  the  point  of  view  of  its 
development  and  homologies.  The  lungs  are  developed  from 
the  alimentary  canal  in  the  form  of  small  buds,  and  in  their 
fully-developed  condition  they  contain  anatomical  elements 
comparable  to  those  existing  in  the  wall  of  the  digestive  tract. 
In  the  intestinal  tract — from  oesophagus  to  rectum — ^there  are 
two  great  nerve  plexuses — Auerbach's  between  the  muscular  coats, 
and  Meissner's  in  the  sub-mucous  coat.  These  plexuses,  what- 
ever other  function  they  may  have,  are  related,  the  one  to 
the  muscular  coat  proper,  and  the  other,  in  part  at  least,  to  the 
muscularis  mucossB,  i.e,,  of  the  mucous  coat.  At  present  I  am 
unable  to  say  whether  the  muscular  tissue  found  in  the 
posterior  wall  of  the  trachea  ("trachealis  muscle")  in  the 
bronchial  muscles,  and  between  the  air  cells  in  mammals' 
lungs,  and  surrounding  those  of  the  newt  and  frog,  are 
the  homologues  of  the  muscular  coat  of  the  intestine  or  the 
muscularis  mucosas,  or  both.  But  I  think  we  may  very  fairly 
compare  the  nerve  plexus  in  the  wall  of  the  newt's  lung  with 
one  or  both  of  the  nerve  plexuses  which  exist  in  the  walls  of  the 
whole  intestinal  tract.  The  nerve  fibres  are  undoubtedly  both 
afferent  and  efferent  in  their  functions,  as  experiment  has 
shown,  but  the  large  number  of  nerve  cells  in  the  lung  leads  one 
to  believe  that  they  exercise  some  important  function — and  one 
yet  unknown — on  the  lung.  It  remains  for  experiment  to 
decide  whether  they  are  related  to  the  non-striped  muscle,  or 
are  concerned  with  regulating  the  nutrition  of  the  lung,  t.e., 
exercise  a  so-called  trophic  influence.  It  is  more  probable,  as 
already  hinted,  that  they  bear  the  same  relation  to  the  lung  that 
the  nerve  cells  of  Auerbach's  and  Meissner's  plexus  bear  to 
the  structures  in  the  walls  of  the  intestine.  Whatever  their 
function  may  be,  it  can  be  no  unimportant  one,  for  their 

*  Archiv, /Ur  Anat.  v,  Physiol  1881. 
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existence  in  the  longs  of  so  many  animals,  clearly  points  to  their 
importance. 


EXPLANATION  OF  THE  PLATES. 

Plate  IIL 

Fig.  1  shows  a  view  of  the  outer  surface  of  the  lung  of  a  newt  slit 
open  after  preparation  with  gold  chloride.  P.Y.  represents  the  pul- 
monary  vein,  and  P.  A.  the  pulmonary  artery,  while  N.K  represent 
the  nerves  which  accompany  these  vessels  (  x  30). 

Fig.  2  shows  a  small  part  of  fig.  1,  consisting  of  the  pulmonary  vein 
and  its  nerves  more  highly  magnified.  P.Y.  is  pulmonary  vein,  and 
N.N.  the  nerves.  The  dark  lines  represent  meduJlated  nerve  fibres, 
and  the  lighter  single  and  finer  lines  the  non-medullated  nerve  fibres. 
Groups  of  nerve  cells  are  seen  along  the  course  of  the  nerve  trunks 
and  ^eir  larger  branches  (oc.  3,  obj.  4). 

Fig.  3  shows  the  plexus  of  non-medullated  nerve  fibres  which 
accompanies  and  surrounds  the  (P.A.)  pulmonary  artery  (oc  3,  obj.  4). 


Plate  IV. 

Fig.  4.  A  branch  consisting  of  non-medullated  fibres  from  a  mixed 
nerve  strand  accompanying  (P.V.)  the  pulmonary  vein.  It  shows  the 
fibres  splitting  up  into  fibnls,  with  triradiate  nuclei  at  some  of  the 
points  of  division.     The  dark  fibre  is  meduUated  (oc.  3,  obj.  7). 

Fig.  5.  A  small  portion  of  a  mixed  nerve  strand  from  the  plexus 
on  the  pulmonary  vein.  M.  a  meduUated  fibre ;  the  other  fibres  are 
non-medullated,  with  polygonal  branched  nerve  cells  amongst  them 
(oc.  3,  obj.  7). 

Fig.  6.  A  small  portion  of  the  primary  and  secondary  plexus  of 
nerve  fibrils  on  the  muscular  coat  (oc  3,  obj.  8). 

Fig.  7.  Scheme  of  the  wall  of  the  lung,  showing  layer  after  layer 
removed  from  without  inwarda  1.  Serous  coat — squamous  epithelium. 
2.  Layer  of  elastic  tissue  imbedded  in  a  small  quantity  of  connective 
tissue.  3  and  4.  Branches  of  nerves  and  the  muscular  layer.  5. 
Layer  of  capillaries,  with  groups  of  epithelial  cells  between  them.  In 
some  places  the  cells  have  fallen  out.  c.c.  represent  the  capillary 
blood  stream,  and  s.s.  the  islands  of  epithelium. 

Fig.  8.   Scheme  of  a  vertical  section  of  the  wall  of  the  lung.     c.c. 
represent    capillaries,  and   s.s.  the  arrangement  of  the    pulmonary - 
epitheliuuL 


PELVIMETRY.    By  J.  G.  Gaeson,  M.D.,  Assistant  in  Museum, 
Boyal  College  of  Surgeons^  England,    (Plate  V.) 

Perhaps  next  in  importance  to  the  fonn  of  the  skull  as  indicat- 
ing race  characters  may  be  placed  that  of  the  pelvis.  But 
although  anthropologists  are  agreed  in  the  main  as  to  which 
are  the  most  important  measurements  of  the  former,  the  same 
cannot  be  said  regarding  the  latter.  Authors  have,  as  a  rule, 
been  contented  to  recommend  a  number  of  measurements  with- 
out calling  special  attention  to  those  which  are  of  importance 
as  indicating  the  general  outline  or  form  of  the  pelvis.  No 
better  example  of  this  could  be  found  than  the  list  of  pelvic 
measurements  reconmiended  by  Vemeau  in  his  very  valuable 
and  elaborate  monograph  on  Le  Bassin  dans  les  Sexes  et  dans  les 
Baces,^  where  no  less  than  fifty-five  different  measurements  are 
enumerated,  but  without  reference  as  to  their  relative  importance. 
Great  diversities  exist  amongst  anthropologiBts  also  regarding  the 
mode  in  which  measurements  are  to  be  made,  the  sAme  measure- 
ment being  often  taken  in  different  ways  or  from  different  points. 
Thus,  the  length  of  the  sacrum  is  taken  by  some  as  the  vertical 
depth  of  the  five  sacral  vertebrae,  while  others  have  included  a 
sixth  in  the  cases  where  the  first  coccygeal  vertebra  is  ankylosed 
to  the  sacrum,  or,  in  other  words,  define  the  measurement  as  the 
absolute  depth  of  the  vertebrse  ankylosed  together  to  form  the 
sacrum,  whether  these  be  five  or  six  in  number.  Again,  the  width 
between  the  crests  of  the  ilia  is  sometimes  measured  as  the 
distance  between  the  inner  margins  of  each  crest,  and  some- 
times as  the  maximum  width  between  the  outer  lips.  The 
need  of  having  the  pelvic  measurements  rearranged,  and  a  more 
commodious  system  of  measurement  instituted  than  any  of  those 
which  have  been  hitherto  proposed,  will  probably  be  admitted 
by  all  who  have  given  attention  to  the  subject.  In  the  first 
place,  it  is  most  desirable  that  a  general  understanding  should  be 
come  to  as  to  how  and  from  what  points  the  different  measure- 
ments should  be  made.  To  arrive  at  this  it  is  necessary  that 
the  merits  of  each  method  be  discussed,  and  the  reasons  for  and 

1  BaUlere  &  Co.,  Paris,  1875. 
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against  the  adoption  of  varions  measurements  pointed  out  Those 
given  by  fonner  observers  should  be  adhered  to  as  much  as 
possible,  since  modifications  which  are  not  absolutely  necessary 
are  to  be  deprecated  on  account  of  impairing  the  usefuhiess  of 
measurements  already  recorded.  In  the  second  place,  it  appears 
to  me  that  the  study  of  the  characters  of  the  pelvis  would  be 
greatly  facilitated  if  the  -various  measurements  were  grouped 
according  to  their  importance.  The  measurements  of  primary 
importance  are  those  which  express  the  general  outline  of  the 
form  of  the  pelvis.  They  are  c(»nparatively  few  in  number,  and, 
if  arranged  in  a  practical  manner,  would  probably  be  given  in 
osteological  catalogues  and  general  descriptions  of  the  skeleton 
in  the  same  manner  that  the  chief  measurements  of  the  skull 
are  usually  stated.  This  would  undoubtedly  advance  our  know- 
ledge of  the  characters  of  the  pelvis  and  of  the  osteology  of 
different  races.  For  those  studying  more  in  detail  the  characters 
of  the  pelvis,  further  measurements,  which  might  be  classified  as 
of  secondary  and  tertiary  importance,  would  be  available  accord- 
ing to  the  minuteness  required  by  the  author. 

The  first  step  in  the  direction  of  remodelling  the  pelvic 
measurements  as  I  have  indicated  was  that  taken  by  Professor 
ilower,  when,  in  a  paper  entitled  ''On  the  Osteology  and 
Affinities  of  the  Natives  of  the  Andaman  Islands,"  communi- 
cated to  the  Anthropological  Society  of  Great  Britain,^  he  defined 
and  arranged  "  the  measurements  which  seemed  most  likely  to 
give  useful  results  in  comparing  pelves  with  one  another."  This 
list  contains  twenty-one  different  measurements,  most  of  which 
correspond  to  those  given  by  Yerneau,  while  a  few  are  either 
original  or  modifications  of  measurements  adopted  by  Yerneau 
and  others.  Even  this  selected  list,  I  hope  to  be  able  to  show, 
contains  more  measurements  than  is  requisite  to  give  an  id,ea  of 
the  general  form  of  the  pelvis,  there  being  several  measurements 
in  it  which  I  think  may  be  classed  amongst  those  of  secondary 
importance.  As  indicative,  however,  of  the  importance  I  attach 
to  the  paper  as  a  whole,  I  may  say  that  I  have  taken  it  as  the 
basis  for  my  dissertation,  on  the  present  occasion,  and  have 
adhered  as  closely  as  possible  to  the  measurements  as  therein 
defined.    The  majority  of  the  measurements  which  I  give  corre- 

^  See  Jau/mal  of  the  AnthropologiecU  InatUutCf  Nov.  1879. 
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spond,  therefore,  to  those  of  Vemeau,  since,  as  I  have  already 
said,  Professor  Flower  has  adhered  as  closely  as  possible  to  that 
work.  In  some  instances  I  have  been  reluctantly  obliged  to 
recommend  some  modifications,  chiefly  in  the  mode  of  making 
the  measurements,  and  in  two  or  three  cases  I  have  proposed 
measurements  not  given  either  by  Yemeau  or  Flower. 

On  the  present  occasion  I  have  attempted  to  tabulate  only 
those  measurements  which  I  think  are  of  primary  importance 
from  indicating  the  general  form  of  the  pelvis,  and  have  arranged 
them  in  the  order  of  sequence  which  I  have  found  to  be  most 
convenient.  This  latter  is  somewhat  different  from  that  recom- 
mended by  Professor  Flower,  but  I  may  say  has  been  arrived 
at  only  after  a  good  deal  of  practice  and  consideration.  The 
alteration  may  partially  be  accounted  for  by  the  fact  that  several 
measurements  included  in  Professor  Flower's  list  have  been 
omitted  in  mine. 

In  order  to  facilitate  the  discussion  of  the  question  of  measure- 
ments, and  to  assist  us  in  forming  a  more  correct  estimate  of 
their  respective  value  than  could  otherwise  be  done,  I  have 
selected  the  average  measurements  of  the  pelves  of  14  Europeans, 
5  Australians,  and  13  Andamanese  females  (all  the  material  of 
those  races  and  that  sex  at  my  disposal)  on  account  of  the  well- 
known  diversity  in  physical  and  cranial  characters  which  these 
races  present,  and  have  appended  a  table  of  the  sama  As  sexual 
differences  in  the  form  of  the  pelvis  are  considerable,  each  sex 
requires  to  be  considered  separately ;  the  material  at  my  dis- 
posal, in  the  case  of  the  European  and  Australian  males,  being 
deficient,  I  have  thought  it  advisable  to  postpone  the  considera- 
tion of  these  differences  until  I  have  been  able  to  measure  more 
pelves,  when  I  hope  also  to  discuss  the  individual  differences  in 
the  female.  With  additional  material  it  is  probable  that  the 
averages  I  have  given  on  the  present  occasion  for  the  Austridian 
females  may  require  some  modification.  The  value  of  indices 
to  facilitate  comparisons  between  measurements  is  universally 
recognised.  As  a  rule  it  has  been  customary  to  have  several 
standards  of  comparison  for  the  various  parts  of  the  pelvis ;  thus 
a  sacral  index  has  been  formed  by  comparing  the  length  and 
breadth  of  the  bone,  an  index  of  height  by  comparing  the 
height  and  width  of  the  pelvis,  a  pelvic  index  by  comparing  the 
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antero-posterior  diameter  of  the  brim  with  the  transverse  diameter 
of  the  same,  and  several  other  indices.  In  each  case  a  different 
standard  of  comparison  is  taken.  This  admits  only  of  com- 
parisons being  made  between  corresponding  parts,  but  does  not 
show  the  relation  which  the  various  measurements  bear  to  one 
another.  The  breadth  of  the  sacrum  can  be  compared  to  the 
length  of  that  bone  in  different  pelves,  but  it  cannot  be  com- 
pared to  the  transverse  diameter  of  the  brim,  or  to  the  total 
breadth  of  the  pelvis,  since  different  standards  for  comparing 
those  breadths  are  taken.  By  adopting  a  single  standard  and 
comparing  the  several  measurements  with  it,  this  obvious  dis- 
advantage can  be  removed,  and  a  minute  comparison  between 
the  various  parts  is  practicable.  The  question  will  naturally 
be  asked,  Which  measurement  is  to  be  taken  as  the  standard  ? 
This  is  a  matter  of  great  importance,  and  one  regarding  which 
there  may  be  several  opinions.  In  making  a  selection,  several 
things  must  be  kept  in  mind.  The  standard  should  be  a  measure- 
ment which  varies  very  little  in  different  pelves  of  the  same 
race;  it  should  be  one  of  the  chief  or  fundamental  measure- 
ments ;  it  should  be  one  easily  made,  and  should,  if  possible, 
not  be  one  taken  between  bony  points  influenced  by  muscular 
development.  I  have  selected,  provisionally  at  least,  for  reasons 
which  I  shall  explain  later  on,  the  transverse  diameter  of  the 
brim  as  the  standard,  and  have  formed  indices  from  the  average 
measurements  as  compared  to  it.  Under  the  table  of  measure- 
ments will  be  found  the  indices  of  the  three  races  thus  formed. 
The  instruments  I  have  found  most  useful  for  pelvimetry  are 
three  in  number : — 1.  An  osteometer,  an  instrument  similar  to 
that  used  by  shoemakers  for  measuring  the  length  of  the  foot, 
but  with  metal  uprights,  the  extremities  of  which  terminate  each 
in  a  fine  point ;  2.  An  instrument  like  that  used  by  hatters  to 
measure  the  internal  diameters  of  hats ;  and  3.  A  goniometer 
for  measuring  angles.  With  the  first  the  great  majority  of 
the  measurements  are  made ;  the  second,  though  not  absolutely 
required,  is  very  useful  for  taking  the  diameters  of  the  pelvic 
cavity.  The  goniometer  is  made  so  as  to  measure  angles  less 
than  two  right  angles,  such  as  the  sub-pubic  angle,  for  which 
alone,  in  the  measurements  I  have  given,  it  is  required ;  and  as 
it  has  not  been  previously  shown  or  described,  I  have  figured  it 
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(PI.  v.).  All  the  measorements  are  stated  in  millimetres,  this 
being  undoubtedly  the  most  convenient  scale,  and  the  most 
generaUy  used  for  all  anthropological  measurements. 

The  following  is  a  list  of  the  measurements  which  my  obser- 
vations have  led  me  to  believe  are  the  most  important,  and 
which  I  propose  to  discuss  seriatim,  I  have  found  it  convenient 
to  use  the  initial  letters  of  each  measurement,  both  when  mea- 
suring pelves'  and  in  heading  the  different  columns  in  the  table, 
and  as  some  difiBculty  might  be  experienced  in  recognising  for 
what  they  stand,  each  contraction  used  is  given  before  its  respec- 
tive measurement  in  the  list : — 

^f^^Z..  L^  «/  Measurements. 

S.L.        1.     Sacral  lengtL    Vertical  length  of  the  5  sacral  vertebrsa. 
S.B.        2.     Sacral  breadth.     Maximum  breadth  of  1st.  sacral 

vertebrae. 
A.S.S.W.    3.     Width  between  the  anterior  superior  spines  of  the  ilia. 
C.W.       4.     Width  between  the  crests  of  the  ilia. 
P.H.        5.     Maximum  length  of  the  innominate  bone  or  pelvic 

height 
LB.        6.     Maximum  breadth  of  the  ilium. 
P.S.S.W.    7.     Width  between  the  posterior  superior  spines  of  the 

ilia. 
A.S.W.     8.     Width  between  the  posterior  maigin  of  the  acetabu- 
lum and  the  symphysis  pubis. 
P.I.D.      9.    The  pubo-ischeal  depth. 
A.P.D.B.  10.     The  antero-posterior  diameter  of  the  brim. 
T.D.B.    11.     The  transveise  diameter  of  the  brim. 
A.P.D.O.  12.     Antero-posterior  diameter  of  the  outlet. 
T.D.O.    13.     Transverse  diameter  of  the  ouUet. 
S.P.A.    14.     Sub-pubic  angle. 

The  Length  of  the  Sacrum. — This  is  measured  from  the  centre 
of  the  upper  margin  of  the  promontory  of  tiie  first  sacral  verte- 
bra to  the  middle  of  the  inferior  border  of  the  body  fifth  sacral. 
It  does  not  vary  much  in  actual  length  in  the  three  races,  but  in 
proportion  to  the  size  of  the  pelvis  it  varies  considerably,  being 
proportionally  longest  in  the  Andamanese  and  shortest  in  the 
Europeans.  The  length  of  the  sacrum  determines  the  depth  of 
the  pelvic  cavity  posteriorly.  This  is  therefore  deepest  in  the 
Andamanese  and  shallowest  in  Europeans,  while  in  the  Aus- 
tralians its  depth  is  intermediate  between  that  of  the  Europeans 
and  Andamanese. 
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The  Breadth  of  the  Sacrum, — ^The  maximum  breadth  of  the 
first  sacral  vertebra,  M^hich  may  be  across  the  anterior,  middle  or 
posterior  part  of  its  upper  surface.  Although  the  actual  breadth 
of  the  sacrum  varies  considerably  in  the  three  races,  yet  it  is 
much  more  proportional  to  the  transverse  diameter  of  the 
brim  than  the  length  of  the  bone.  In  the  Andamanese  it  is 
somewhat  broader  than  in  the  Europeans  or  Australians,  indi- 
cating that  the  iliac  bones  are  widest  apart  in  that  race :  of  this 
notice  will  be  taken  subsequently. 

p.  Professor  Flower  has  given  in  his  paper  the  breadth  of  the  third 
sacral  vertebra  as  well  as  that  of  the  first  The  chief  information 
to  be  gained  from  this  measurement  is  probably  an  idea  of  the 
narrowing  of  the  pelvic  basin  towards  the  outlet  by  the  downward, 
inward,  and  backward  slope  of  the  iliac  bones.  This  is,  I  think, 
sufficiently  shown  by  the  measurement  of  the  transverse  diameter 
of  the  outlet ;  the  width  of  the  third  sacral  vertebra  may  therefore 
be  omitted  as  one  of  primary  importance,  though  perhaps  very 
useful  in  minute  researches  on  the  form  of  this  part  of  the  pelvis. 

TJie  Width  between  the  Anterior  Superim]  Spines  of  the  Ilia. — 
The  manner  in  which  this  measurement  has  been  taken  by 
anthropologists  varies.  This  is  probably  due  to  the  difficulty  of 
defining  an  exact  point  on  each  spine  from  which  to  measure, 
while  Yerneau  measures  between  the  internal  mai^ns  of  the 
spines.  Professor  Flower  recommends  that  the  measurement 
should  be  made  from  the  centre  of  the  most  prominent  part 
of  one  spine  to  the  corresponding  point  on  the  other.  My 
observations  are  entirely  confirmatory  of  this  latter  method  of 
measuring.  That  the  measurement  is  important  as  a  race 
character  may  be  seen  by  comparing  its  average  length  and 
index  to  the  transverse  diameter  of  the  brim  in  the  three  races, 
as  has  been  done  below : — 


1 

A.S.S.W. 

T.D.B. 

* 

iDdes. 

European,  9,     - 
Aastralian,  9,    . 
AndAiDJuiese,  9, 

281  mm. 
198  mm. 
172  mm. 

133  mm. 
118  mm. 
103  mm. 

173-8 
167-8 
167 

Width  hetwem  the  Iliac  Greets, — This  measurement,  like  the 
last,  is  taken  in  dififerent  ways,  but  is,  I  think,  best  indicated  by 
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the  greatest  width  between  the  external  surfaces  of  the  crests,  as 
defined  by  Professor  Flower.  A  measurement  from  the  inner  lip 
of  one  crest  to  that  of  the  other  cannot  be  made  so  accurately  as 
that  taken  in  the  manner  just  described,  on  account  of  the  inner 
lip  being  rounded,  and  offering  no  well-defined  margin  from  which 
to  measure,  though  it  is  true  that  the  other  is  open  to  Hlg  objection 
that  it  varies  somewhat  according  to  the  muscular  development 
of  the  person  and  the  consequent  ruggedness  of  the  bones. 

The  measurement  is  of  importance,  as  showing  the  outline  of  the 
iliac  crest  when  considered  in  relation  to  the  transverse  measure- 
ments of  the  pelvis  between  the  anterior  and  posterior  superior 
spines  of  these  bones  respectively.  As  a  rule,  the  greatest  inter- 
crest  width  is  situated  between  the  middle  thirds  of  the  iliac 
bones,  in  a  line  with  the  promontory  of  the  sacrum.  The  length 
of  this  measurement  and  its  index,  compared  to  the  transverse 
diameter  of  the  brim,  in  the  three  races  is  as  follows : — 


C.W. 

T.D.B. 

Index. 

Earopean,  9»      . 
AiiRtralian,  9,    . 
Andamanese,  ?, 

271     mm. 
240*6  mm. 
207*7  mm. 

133 
138 
108 

208*8 
204  1 
201*9 

It  will  be  seen  that  the  crest  width  is  proportional  to  the  size 
of  the  pelvis,  the  differences  in  the  indices  of  the  three  races 
being  very  smalL  Kegarding  the  part  it  plays,  in  indicating 
the  form  of  the  iliac  crests,  I  shall  have  occasion  to  refer 
subsequently. 

The  Pelvic  Height,  or  the  height  of  the  innominate  bone. — 
This  is  measured  from  the  highest  part  of  the  iliac  crest  to  the 
lowest  part  of  the  tuber  ischii  The  table  and  index  show  that 
there  are  well-marked  race  differences  between  the  height  of  the 
pelvis  in  the  Europeans,  Australians,  and  Andamanese,  so  that 
the  measurement  is  important.  I  understand  that  it  is  con- 
sidered by  French  anthropologists  to  be  one  of  the  most  dis- 
tinctive pelvic  measurements,  on  account  of  its  index  forming 
well-marked  sexual  and  race  differences  when  compared  to  the 
breadth  of  the  brim  or  inter-crest  width.  Tn  the  European  the 
pelvis  is  lowest  in  proportion  to  its  transverse  diameter  and 
highest  in  the  Andamanese. 
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PXrofesBor  Flower  has  placed  in  his  list  the  height  of  the  ilium 
as  a  nseful  measurement  He  directs  it  to  be  taken  from  the 
**  ootylon,'*  or  point  on  the  posterior  rim  of  the  acetabular  cup 
where  the  ilium  and  ischium  join»  to  the  summit  of  the  iliac 
crest.  Owing  to  the  former  point  being  difficult  to  define  with 
accuracy  after  the  bones  forming  the  innominate  haye  become 
fused  together,  I  do  not  think  great  reliance  can  be  placed  upon 
the  measurement.  I  therefore  do  not  think  it  should  be  included 
in  a  list  of  measurements  of  chief  importanca  A  measurement 
taken  from  the  point  in  the  bottom  of  the  cup,  where  the  three 
component  parts  of  the  bone  unite  to  the  summit  of  the  crest, 
would  probably  be  a  better  criterion  of  the  height  of  the  ilium, 
but  the  difficulty  of  defining  the  acetabular  point  exactly 
militates  against  its  accuracy.  As  far  as  my  observations  go, 
the  height  of  the  ilium  is  proportional  to  the  height  of  the 
innominate,  as  may  be  seen  in  comparing  these  measurements 
and  indices  in  the  lEuropeans,  the  Australians,  and  Andamanese 
females — 


1^— Ma^MH^B^U— ^ 


Eoiopean, '  9 »  • 
Aostnlian,  9»  . 
AndBmaneae,  9> 


P.H. 


202 
184 
167 


F.H.Ind«s. 


151-8 
155-9 
162  1 


I.H. 


124 
116 
102^ 


LH.  Index. 


98-4 

98-8 

108-0 


The  Breadth  of  the  Eium. — ^The  maximum  breadth  of  the 
ilium  measured  from  the  anterior  superior  spine  to  the  posterior 
superior  spine  across  the  bone.  The  tiiree  races  under  con- 
sideration show  very  Uttle  proportional  variation  in  this  measure- 
ment compared  to  the  size  of  tibe  transverse  diameter,  though 
the  actual  variation  in  breadth  of  the  bone  is  considerable.  This 
is  well  illustrated  in  the  table. 

After  reading  a  paper  by  Broca,  directing  attention  to  the 
form  of  the  scapula  as  a  race  character,  and  tabulating  a 
scapular  index,  the  idea  of  forming  a  similar  index  in  the  case 
of  the  innominate  bone  occurred  to  me.  Accordingly,  I  measured 
aU  the  innominate  bones  of  different  races  at  my  disposal  in  the 
Museum  of  the  Boyal  College  of  Surgeons  of  England  The 
results  I  obtained,  however,  are  by  no  means  so  satisfactory  as 
those  derived  from  measurements  of  the  scapula.    Broca  took 
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the  length  of  the  scapula  as  100,  and  fonned  a  scapnlar  index 

Bieadth  x  100    .   ,         ..        .    .,  t  v    i.  t 

thus :  — = r — = index.    In  a  similar  manner  I,  by  taking 

Length 

the  length  of  the  innominate  as  100,  formed  an  innominate  index 

Breadth  x  100 


thus: 


= index. 


Length 
The  following  are  some  of  the  indices  I  obtained  in  dififerent 


races: — 


k^ 

%| 

amber 
Bones. 

Baee. 

Sex. 

Index. 

PI 

Baoe. 

Sex. 

Index, 

»5 

— 

»fl 

11 

Andamanese, .    . 

71-56 

14 

AndamaneRe,.    . 

9 

78-99 

2 

New  Caledoniaii, 

X 

7178 

•  eft 

•  •  • 

•  •  • 

••• 

2 

Savage  Islanders, 

5 

71-90 

•  •  • 

•  •  • 

•  •  t 

••  • 

2 

Peruyian, .     .    . 

g 

71-99 

4 

Pemvian, .         . 

9 

74-01 

4 

6 

l^gyptiaii, .    .     • 
Negroes,    .     .     . 

i 

72-29 
72-82 

•  •  • 
■  •  • 

•  ■  * 

•  •  • 

•  •  • 

2 

Tahitian,  .     .    . 

^ 

78-89 

•  •  • 

•  •• 

■  •  • 

•  •  ■ 

4 

Eskimo,    .     .     . 

1 

78-48 

2 

Eskimo,    •         • 

9 

76-89 

2 

Papuan,    .     .     . 

78-78 

•*. 

..  • 

•  •  ■ 

•  •  • 

38 

European,      .     . 

1 

6 

78-79 

88 

European,      .    . 

9 

77-67 

4 

Canary  Islanders, 

78-92 

••• 

•  •  • 

•  •  • 

•  ■  • 

4 

Tasmanians,  .    • 

74-31 

2 

Taamanian,    .    . 

9 

88*91 

9 

Australians,  •     . 

76-40 

10 

Australian,    .    . 

9 

77-46 

From  the  above  table  it  will  be  seen  that  several  races  allied 
in  general  as  well  as  anatomical  characters  are  widely  separated 
from  each  other. 

The  Width  letween  the  Posterior  Superior  Miac  Spines, — ^This 
measurement  is  usually  taken,  and  has  been  recommended  by 
Professor  Flower  to  be  taken,  between  the  two  points  of  the  ilia 
which  approach  nearest  to  one  another  behind  the  sacrum 
wherever  that  may  be.  After  using  this  mode  of  measuring  for 
some  time  I  became  dissatisfied  with  it,  as  frequently  I  found 
that  the  nearest  points  of  the  ilia  were  eminences  of  bone  formed 
by  the  ossification  of  some  of  the  ligamentous  or  tendinous 
structures  which  abound  at  that  part  of  the  pelvis  for  the 
union  of  the  sacrum  to  the  ilia  and  the  origin  of  the  erector 
spinaB  muscle,  and  because  the  point  was  not  a  certain  one,  being 
sometimes  situated  near  the  posterior  surface  of  the  sacrum  and 
sometimes  at  the  most  posterior  extremity  of  the  spine.  A 
much  more  satisfactory  measurement,  and  one  which  corresponds 
to  that  between  the  anterior  extremity  of  the  iliac  crest,  can  be 
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made  by  measuring  from  the  centre  of  the  most  prominent  part 
of  one  posterior  superior  spine  to  a  similar  point  on  the  other. 
These  points  are  also  the  posterior  points  of  greatest  transverse 
breadth  of  the  ilia,  and  can  readily  be  found.  Vemeau  has  un- 
Mmlitdj  defined  this  m«.«JL<,t  a.  give,  b;  him  «>  inde- 
Mtely  aL  I  .m  .^ble  h.m  hi,  deecription  Jdetomi™,  tt. 
precise  points  between  which  he  measures.  The  results  of  his 
measurements  of  European  pelves  so  nearly  correspond  to  those 
given  by  Professor  Flower  that  I  believe  he  measures  the  width 
in  almost  the  same  manner. 

The  width  between  the  ilia  posteriorly  is  important  as  in- 
dicating,  when  compared  with  the  width  between  the  anterior 
superior  spines,  the  backward  and  inward  slopes  at  which  the 
innominate  bones  are  placed,  and  the  consequent  narrowing  of 
the  pelvis  behind.  On  this  account,  it  is  desirable  that  the 
two  measuremeuuS  should  be  taken  in  a  similar  manner,  as  I 
have  proposed,  so  that  they  may  be  strictly  comparable.  The 
degree  of  narrowing  of  the  pelvis  in  different  races  seems  to  be 
a  well-marked  character.  In  the  Europeans  the  innominate 
bones  slope  inwards  and  backwards  much  more  rapidly  than  in 
the  Andcunanese,  that  is  to  say,  the  pelvis  of  the  European  is 
narrow  behind  in  proportion  to  its  size  than  in  the  Andamanese. 
A  glance  at  a  typical  pelvis  of  each  of  these  races  (PL  Y.)  will 
at  once  confirm  the  truth  of  this  statement. 

The  greater  proportional  narrowing  of  the  pelvis  posteriorly 
in  the  Europeans  is  also  indicated  by  the  breadth  of  the  sacrum, 
which  as  we  have  already  seen,  is  narrower  in  that  race  than  in 
the  Andamanese. 

The  average  measurements  and  indices  of  the  posterior  inter- 
iliac  width  as  measured  by  the  plan  usually  adopted  compared 
to  the  distance  between  the  centres  of  spines,  as  I  have 
suggested,  are  as  follows : — 


Indices. 

- 

Old  Method. 

New  Method. 

Old  Method. 

New  Method. 

European,  9 
Australum,  9 
Andanwneae,  9 

72  mm. 
69  mm. 
64  mm. 

83  mm. 
85  mm. 
79  mm. 

55 
58-5 
62  1 

63-1 
72 

76-7 

I 

tl6 
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With  the  maasurements  between  the  anterior  superior  spines, 
the  crests  and  the  posterior  superior  spines  of  the  ilia,  a  precise 
idea  of  the  outline  of  the  so-called  false  pelvis  can  be  formed. 
The  importance  of  these  three  measurements  as  race  characters, 
can  be  well  seen  by  comparing  them  in  the  Europeans,  Austra- 
lians  and  Andamanesa 


Indices. 

Raee. 

Sex. 

AaS«B>Wa 

C.W. 

PAaw. 

AitAW.Ind. 

C.W.  Ind. 

PJAW.Ind. 

£iirop6ftn,       • 
Anstnlian,     . 

9  i 

9 

9 

281-5 

198-4 
172-1 

271 

240-6 

2077 

84 
85 
79 

178-8 

168 

167 

208-8 
204-1 
202 

681 

72 

767 

From  this  table  it  will  be  seen  that  the  width  of  the  pelvis 
between  the  crests  remains  very  constant  in  the  three  races  in . 
proportion  to  the  transverse  diameter  of  the  brim.  The  other 
two  measurements  show  a  reversed  relation  in  the  three  races. 
In  the  Europeans  the  anterior  spines  are  wide  apart,  the  anterior 
portion  of  the  false  pelvis  is  therefore  also  widest  in  them, 
whereas  the  posterior  portion  is  narrower  than  in  the  Austra- 
lians, and  still  more  so  in  the  Andamanese.  In  the  Andamanese 
the  anterior  part  of  the  false  pelvis  is  narrowest,  the  distance 
between  the  spines  being  shortest,  whereas  the  posterior  part  is 
considerably  broadest,  the  posterior  spines  being  wider  apart  than 
in  the  European  or  Australians.  The  iliac  bones  are  therefore 
more  nearly  parallel  than  in  the  other  two  races.  The  Australians 
differ  little  from  the  Andamanese  in  the  distance  between  the 
anterior  spines,  but  hold  in  an  intermediate  position  between  the 
Europeans  on  the  one  hand  and  the  Andamanese  on  the  other, 
both  in  respect  to  this  measurement  and  to  the  width  between 
the  spines  posteriorly.  The  crest  width  would  seem  from  this 
to  be,  as  it  were,  the  centre  upon  which  the  bones  are  revolved. 

The  AcetainUo'Symphysial  Width. — ^The  distance  between  the 
most  postero-external  part  of  the  rim  of  the  cotyloid  cup  to  the 
symphysis.  Professor  Flower  has  defined  the  measurement  as 
the  distance  between  the  cotylon,  or  the  point  on  the  rim  of  the 
acetabular  cup  where  the  iUum  and  ischium  join,  and  the  sym- 
physis. The  difficulty  of  determining  this  point  witii  precision  in 
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the  adult  pelvis,  wh^e  frequently  all  traces  of  the  union  are  lost, 
isy  in  my  opinion,  a  very  strong  reason  against  its  being  taken 
as  a  point  of  measurement.  The  point,  as  I  have  just  defined 
it,  is  preferable  also,  because  it  gives  the  extreme  width  of  each 
half  of  the  pelvis  from  the  mesial  line,  as  in  viewing  the  pelvis 
from  its  anterior  aspect — the  chief  object  of  the  measurement 
The  difference  between  the  measurement  as  thus  defined  and 
that  between  the  symphysis  and  cotylon  is  at  most  1  millimetre, 
since  the  most  external  point  of  the  cotyloid  cup  is  often  at  the 
cotylon,  though  most  frequently  a  few  millimetres  above  it.  The 
difference  between  the  two  measurements  oi  this  width  is  almost 
entirely  one  of  definition. 

The  measurement  presents  a  certain  amount  of  variation  in 
the  three  races ;  in  the  Europeans  it  is  shortest,  and  longest  in 
in  the  Andamanese,  while  the  Australians  are  intermediate, 
though  they  approach  nearest  the  Europeans,  It  is  probably 
an  open  question  whether  the  measurement  might  not  be  super- 
seded by  a  measurement  of  the  pubic  bone  from  its  apex  in  the 
cotyloid  cup  to  the  symphysis.  As  yet  I  have  not  been  able 
to  define  accurately  the  point  in  the  cup  where  the  three  bones 
forming  the  innominate  unite. 

.  Pubo-Ischiaiic  Depth — The  distance  between  the  upper  surface 
of  the  pubis  and  the  lower  surface  of  the  ischium.  The  points 
from  which  I  propose  that  the  measurement  should  be  made  are 
the  smooth  level  surface  on  the  pubic  side  of  the  ilio-pectineal 
suture  above,  to  the  lowest  part  of  the  tuber  ischii  Vemeau 
defines  a  measurement  very  similar  to  this  in  his  work  on  the 
pelvis,  but  he  takes  as  his  superior  point  the  ilio-pectineal 
enodnence.  To  me  it  appears  that  this  point  is  objectionable, 
from  its  being  subject  to  considerable  variation  in  height  in 
different  individuals,  often  ill-defined  and  situated  on  a  sloping 
surface,  somewhat  too  near  the  acetabulum  to  indicate  the  depth 
of  the  antero-lateral  aspect  of  the  pelvis.  The  measurement,  as 
I  have  defined  it,  can  be  very  easily  and  certainly  taken  as  the 
npright  or  projecting  arm  of  the  osteometer  rests  naturally  on 
that  portion  of  the  bone.  The  results  obtained  from  it,  taken 
as  here  recommended,  are  as  follows : — In  the  Europeans  it  is 
91*4  mm.,  in  the  Australians  82*2  mm.,  and  in  the  Andamanese 
76*4  mm.,  giving  an  average  index  in  the  three  races  compared 
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to  the  transverse  diameter  of  the  pelvis  of  68*5  in  the  Euro- 
peans, 69'6  in  the  Australians,  and  738  in  the  Andamanese. 
Verneau  gives  as  the  average  of  the  measurement,  according  to 
his  method,  93  mm.  in  the  Europeans  and  91  in  the  Australians, 
which  give  indices,  when  compared  to  the  average  transverse 
diameter  of  the  brim  in  the  skeletons  of  these  races  measured 
by  me,  of  71  and  771  respectively.  The  chief  value  of  this 
measurement  is  that  it  indicates  the  depth  of  the  anterior  part 
of  the  pelvic  cavity  in  the  same  way  that  the  length  of  the 
sacrum  does  the  posterior  part.  If  these  two  measurements  are 
compared  it  will  be  seen  that  they  agree. 


Indices. 

Bace. 

Sex. 

S.L. 

P.I.D. 

S.L. 

P.I.D. 

European,  .    . 
ADdamanese,  . 

9 
9 
9 

101 
91*4 
91-4 

91*4 
82-2 
76-4 

76-2 
771 
88*8 

68*6 
69*5 
78*8 

In  the  Andamanese  the  pelvic  cavity  is  deeper  than  in  the 
Europeans  and  Australians  both  in  front  and  behind,  as  is  indi- 
cated by  the  pubo-ischiatic  depth  and  the  length  of  the  sacrum. 
The  Australians,  it  appears,  differ  little  from  the  Europeans  in 
this  respect,  that  is  to  say,  if  the  results  obtained  from  the  small 
number  of  pelves  measured  give  a  true  average  of  the  character 
of  the  race. 

The  ArUerfHposterior  and  Trarisverse  Diameters  of  the  Brim. — 
Probably  less  diversity  of  opinion  exists  regarding  the  great  im- 
portance and  the  method  of  making  these  measurements  than 
almost  any  others.  Upon  these  diameters  the  whole  pelvis 
seems  to  be  constructed,  and  they  determine  the  variations  in 
the  other  measurements  of  a  similar  nature.  The  antero-posterior 
diameter  of  the  brim  is  the  distance  between  the  anterior  superior 
margin  of  the  promontory  of  the  sacrum,  situated  on  the  body 
of  the  first  sacral  vertebra,  and  the  most  adjacent  point  of  the 
symphysis  pubis,  or  the  minimum  distance  between  the  sacrum 
and  the  symphysis  pubis.  The  transverse  diameter  of  the  brim 
is  its  maximum  width  measured  at  right  angles  to  the  line  of 
antero-posterior  diameter.    This  is  usually  situated  a  little  above 
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and  anterior  to  the  top  of  the  great  sacro*Bciatic  notch,  and  cor- 
responds veiy  closely  to  the  line  of  greatest  crest-width.  These 
two  diameters,  and  indeed  all  other  measurements  within  the 
cavity  of  the  pelvis,  can  be  very  conveniently  and  accurately 
made  with  the  second  instrument  described. 

The  average  antero-posterior  diameter  of  the  brim  in  the  female 
pelves  measured  by  myself  is  106'6  mm.  in  fourteen  Europeans, 
108'6  mm.  in  five  Australians,  and  99*1  mm.  in  thirteen 
Andamanese.  Vemeau,  in  his  work  on  the  pelvis,  already 
referred  to,  gives  the  average  of  this  measurement  in  thirty-five 
European  female  pelves  measured  by  him  as  106  mm.,  and  in  two 
Australian  females  100  mm.  The  similarity  of  the  results 
obtained  by  Yemeau  and  myself  in  the  case  of  the  Europeans 
is  noteworthy ;  the  discrepancy  in  the  case  of  the  Australians  can 
easily  be  explained,  as  I  find  that  of  the  five  measured  by  me,  two 
are  respectively  99  and  100  mm.,  while  one  is  as  high  as  127  mm. 
More  skeletons  require  to  be  measured  before  the  average  antero- 
posterior diameter  in  the  case  of  the  Australians  can  be  deter- 
mined. The  variations  from  the  averages  above  given  of  this 
measurement  in  the  Europeans  and  Andamanese  is  comparatively 
litda  In  the  Europeans  there  is  only  a  single  instance  in  which 
antero-posterior  diameter  is  13  mm.  below  the  average,  and  the 
greatest  variation  above  the  average  is  9  mm.  Over  the  whole 
fourteen  pelves  the  mean  variation  is  2*8  mm.  (see  Table  I.), 
on  either  side  of  the  average  (106*6).  The  variation  in  the 
Australians  in  one  instance  is  18  mm.,  above  the  average 
(109  mm.),  and  in  another  10  mm.  below  the  average,  over  the 
five  pelve&  The  mean  variation  is  4*4  mm.  The  variation  in 
the  Andamanese  in  one  pelvis  is  18  mm.  above  the  average 
(99  mm.),  while  one  is  16  mm.  below  it.  The  mean  variation  in 
the  thirteen  pelves  is  3*7  mm.  Over  the  three  races  together 
the  mean  variation  of  the  antero-posterior  diameter  is  3*6  mm. 
The  average  transverse  diameter  of  the  brim  in  the  fourteen 
European  female  pelves  given  in  Table  II.  is  133  mm.  The 
maximum  diameter  attained  by  any  pelvis  is  146,  or  13  mm. 
above  the  average,  while  the  minimum  is  117,  or  16  mm.  below 
the  averaga  Vemeau  found  that,  in  thirty-five  female  European 
pelves  measured  by  him,  this  diameter  was  135  nun.  The 
averages  obtained  by  Vemeau  and  myself  agree  in  the  main ; 


120  DK  J.  O.  QAXSON. 

that  given  by  Yerneau  is  probably  the  more  conect  ^  In  the  five 
Australian  pelves  measured  by  myself,  it  is  118*2  mm.,  and  in  two 
measured  by  Yerneau  125  mm.  The  discrepancy  between  those 
numbers  is  considerable,  but  from  so  few  pelves  no  deductions 
can  be  drawn.  One  of  the  pelvis  in  the  College  of  Surgeons' 
Museum  measures  125  mm.,  another  131,  or  7  and  13  mm.  above 
the  average  respectively,  while  the  others  vary  from  109  (9  mm. 
below  the  average)  to  113  mm.  In  the  Andamanese  pelves, 
the  average  breadth  of  the  brim  is  102*8  mm.;  the  broadest 
measures  110  mm.,  or  7  mm.  above  the  average,  while  the 
narrowest  is  95  mm.,  or  8  mm.  below  the  average.  By  reference 
to  Table  I.  it  will  be  seen  that  over  the  whole  fourteen  European 
pelves,  the  mean  variation  from  the  average  transverse  diameter 
is  2*9  mm.  In  the  Australians,  the  mean  variation  of  the  five 
pelves  is  3*9  mm.,  while  in  the  thirteen  Andamanese  it  is  1*5  mm. 
Over  the  whole  three  races  together  the  mean  variation  of  the 
transverse  diameter  of  the  brim  is  2*8  mm. 

By  incorporating  the  measurements  of  the  antero-posterior  and 
transverse  diameters  given  by  Yerneau  with  those  derived  from 
pelves  measured  by  myself,  we  get  an  average  antero-posterior 
diameter  in  forty-nine  Europeans  of  106,  and  in  seven  Australians 
of  108 '6,  and  a  transverse  diameter  of  134*5  in  the  Europeans, 
and  of  1201  in  the  Australians.  As  the  individual  measure- 
ments of  the  pelvis  measured  by  Yerneau  are  not  given,  a  more 
detailed  examination  of  them  cannot  be  made. 

The  antero-posterior  and  transverse  diameters  of  the  brim, 
being  as  it  were  the  basis  upon  which  the  whole  pelvis  is  con- 
structed, and  being  subject  as  we  have  seen  to  comparatively 
slight  variation  in  different  races,  it  appears  to  me  that  one  or 
other  of  these  measurements  is  pre-eminently  eligible  as  a  stan- 
dard to  which  to  compare  other  measurements  by  forming  an 
index  with  them.  As  already  stated,  I  have  selected  the  transr 
verse  diameter  as  the  standard,  and  have  formed  an  index  of 
each  measurement  as  compared  with  it,  (which  is  taken  as  100) 
by  multiplying  the  respective  measurements  of  each  pelvis  by 

^  The  sligbt  discrepancy  between  the  averages  given  by  Vemean  and  myself 
appears  to  be  dne  to  there  being  a  greats  allowance  made  for  the  thickness  of 
fibro-cartilage  of  the  symphyais  in  the  pelvis  in  the  Paris  collection  than  in 
those  in  the  Royal  College  of  Surgeons'  Museum. 


pslyhotbt.  121 

100,  and  diyidiiig  the  variouB  products  by  the  tiansTeise  diameter 
of  the  biim  of  its  own  pelvis,  thus — 

Crest  width  x  100      .   ,         Pelvic  height  x  100  _.    ,       . 
TranadianLof  brim,*"  Trans,  diam.  of  brim,""  ' 

The  reasons  which  led  me  to  adopt  the  transverse  diameter  as  the 
standard  in  preference  to  the  antero- posterior  diameter  are  chiefly 
the  following: — The  former  can  be  measured  quite  as  easily  and 
exactly  as  the  latter,  especially  if  the  second  instrument  de« 
scribed  be   used  for  the  purposa    The  mean  variation  of  the 
transverse  diameter  is  less  in  the  Australian  and  Andamanese 
than  that  of  the  transverse  diameter,  while  in  the  Europeans 
the  variations  of  both  are  equaL      Over  the  three  races  con- 
sidered together,  the  mean  variation  of  the  transverse  diameter 
of  the  brim  is  2*8  mm.,  while  that  of  its  antero-posterior  diameter 
3*6  mm.     The  slight  advantage  the  transverse  diameter  has  in 
being  more  constant  than  that  of  the  antero-posterior  diameter 
would  of  itself  give  the  former  a  prior  claim  to  be  selected 
as  the  standard.      The  majority  of  the  pelvic  measurements 
happen  to  be  transverse  ones ;  and  it  is  easier  to  convey  an  idea 
to  the  mind  regarding  the  relative  length  of  any  of  them  by 
using  as  the  standard  a  measurement  of  a  similar  nature.    One 
very  frequently  also  requires  to  compare  the  height  of  the  pelvis, 
or  of  diflFerent  portions  of  it,  with  the  breadth ;  it  is  therefore 
very  useful  to  have  as  a  standard  a  transverse  measurement. 
But  perhaps  the  strongest'  argument  for  the  adoption  of  the 
tranverae  diameter  of  the  brim  as  the  standard  of  comparison 
is  that  it  has  already  been  almost  universally  taken  by  anthro- 
pologists and  others  as  the  standard  to  which  the  antero-posterior 
diameter  has  always  been  compared ;  and  by  adopting  the  latter 
as  the  standard,  the  results  of  previous  observations  would,  to  a 
certain  extent,  be  impared  in  usefulness,  not  to  speak  of  the 
confusion  which  would  be  occasioned  by   the  change,  conse- 
quences much  to  be  deprecated  at  present  when  the  material  at 
our  disposal  is  so  deficient  in  quantity.    I  am  aware  that  it  will 
be  urged  by  some  that  the'^standard  should  be  a  measurement 
in  the  median  line  of  the  body,  and  that  the  antero-posterior 
diameter  is  the  more  distinctive  measurement.     The  question 
is  undoubtedly  an  open  one,  and  one  upon  which  it  is  very 
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desirable  to  have  the  opinions  of  various  anthropologists  of 
practical  experience.  Though  for  the  present  I  have  taken  the 
transverse  diameter  of  the  brim  as  the  standard  of  comparison, 
if  further  observations  on  man  and  the  other  mammalia  show 
that  by  taking  the  antero-posterior  diameter  as  the  standard, 
any  advantage  is  to  be  gained  which  is  not  attainable  while  the 
transverse  diameter  is  used,  I  shaU  abandon  the  latter  for  the 
former. 

The  transverse  diameter  of  the  pelvis  between  the  acetabula 
has  been  proposed  by  Professor  Flower,  who  defines  the  measure- 
ment as  the  ''  distance  between  the  posterior  margins  of  the  two 
acetabula  at  the  junction  of  the  ilium  and  ischium ;  the  point  for 
convenience  called  cotylon'*  He  has  also  proposed  another 
between  the  most  internal  parts  of  the  cotyloid  cavities,  or  the 
width  between  the  bottoms  of  the  cups.  Those  measurements 
are  situated  somewhat  in  front  of  the  transverse  diameter  of  the 
brim,  but  a  glance  at  the  pelvis  will  suffice  to  show  that  they  are 
all  widths  of  nearly  the  same  part.  An  interesting  question,  there- 
fore, is  the  relation  that  they  bear  to  one  another,  and  its  answer 
wiU  determine  whether  they  are  all  necessary  for  indicating  the 
form  of  the  pelvis  at  that  particular  point.  The  first,  which  is 
called  the  inter-acetabular  width,  in  contradistinction  to  the  inter- 
cup  width,  is  measured  between  points  which,  I  have  had  already 
occasion  to  show  in  discussing  the  height  of  the  ilium,  are  very 
difficult  to  define  accurately  in  the  ^ult  pelvis,  and  which  are 
liable  to  vary  according  to  the  degree  of  muscular  development 
of  the  individual ;  they  are  also  situated  on  surfaces,  which  slope 
downwards  and  inwards,  as  can  be  readily  seen  if  the  pelvis  is 
viewed  from  before,  and  do  not  indicate  the  greatest  width 
between  the  acetabula.  The  inter-cup  width  seems  to  be  a  more 
satisfactory  measurement,  and  would  be  so  if  it  could  be  more 
accurately  defined,  or  if  it  could  be  made  between  the  point  of 
junction  of  the  three  component  parts  of  the  innominate  bone  of 
the  one  side  to  the  same  point  on  the  other  side.  The  form  of 
the  bottoms  of  the  acetabular  cups  varies  in  different  pelves ;  in 
some  the  most  internal  points  of  the  concavities  are  flat.  In 
those  the  measurement  can  be  very  easily  and  certainly  made ; 
but  unfortunately  there  are  other  pelves,  in  which  the  deepest 
part  of  the  cup  slopes  directly  into  the  cotyloid  notch,  when  it 
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is  very  difficult  to  ascertain  the  true  bottom,  and  therefore  to 
get  the  exact  measurement  desired.  Another  objection  to  this 
measurement,  though  one  which  is  disappearing  as  better  modes 
of  mounting  skeletons  are  being  introduced,  is  that  it  is  often 
impossible  to  reach  the  deepest  points  of  the  cups  owing  to  the 
heads  of  the  femurs  being  unattachably  articulated  with  the 
acetabula.  The  transverse  diameter  of  the  brim,  on  the  other 
hand,  is,  as  has  been  stated,  one  of  the  easiest  measurements  of 
the  pelvis,  and  can  be  made  with  great  accuracy  in  all  cases. 
Unless,  therefore,  some  decided  character  can  be  elicited  by 
means  of  the  acetabular  measurements,  I  think  they  cannot  be 
included  in  a  list  of  measurements  of  primary  importance.  The 
relation  they  bear  to  one  another  is  best  indicated  by  comparing 
their  averages  side  by  side  in  the  three  races  under  considera- 
tion : — 


IJl,W. 

T.D.B. 

LCW. 

Amount  I.A.W. 

Is  greater  than 

T.D.B. 

Amount  LCW. 

l8  less  than 

TJ).B. 

14  European,  9 
6  Australian,  9 
13  Andamanese,  9  . 

190 
166 
160 

183 

118 
103 

116' 
101 
90 

67 
48 
47 

19 
17 
13 

Taking  the  transverse  diameter  of  the  brim  of  each  race  as 
100,  the  following  table  shows  the  proportions  which  the  inter- 
acetabular  and  inter-cup  width  bear  to  it : — 


IJL.W. 

T.D.B. 

LCW. 

Enropeana, 
Anstndiana,     . 
Andamanese,   . 

142*9 
1407 
146-6 

100 
100 
100 

86-4 
86-6 
87 -3  J 

• 

The  inter-acetabular  width  is  57  mm.  greater,  and  the  inter- 
cup  width  19  mm.  less,  than  the  transverse  diameter  of  the 
brim  in  the  Europeans,  the  Australians,  and  Andamanese ;  the 
first  is  greater  than  the  second  by  48  and  47  mm.  respectively, 
while  the  third  is  less  than  the  second  by  17  and  13  mm, 
respectively.  The  differences  between  the  indices  correspond 
very  closely  to  those  of  the  measurements.    Thus  far  nothing 
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has  been  found  to  justify  the  retention  of  the  inter-acetabular  or 
inter-cup  widths  in  the  list  of  measurements  of  primary  import- 
ance, and,  as  I  believe,  the  transverse  diameter  of  the  brim  ex- 
presses all  that  can  be  learned  from  those  two  measurements, 
I  have  omitted  them. 

The  oblique  diameters  of  the  pelvic  brim  have  had  consider- 
able importance  attached  to  them  by  Yemeau.  Flower,  however, 
omits  them  altogether.  The  result  of  my  observations  convinces 
me  that  they  cannot  be  considered  of  such  importance  as  to 
warrant  their  introduction  into  a  list  containing  only  the  measure- 
ments necessary  to  indicate  the  general  form  of  the  pelvis,  though, 
as  accessory  measurements,  they  will  probably  be  found  useful 

Th^  form  of  the  pelvic  outlet,  like  that  of  the  brim,  is  indicated 
by  two  chief  measurements, — ^the  one  antero-posterior,  the  other 
transverse.  Besides  these  there  are  several  accessory  measure^ 
ments  which  have  been  proposed  by  various  anthropologists. 

The  Antero-posterior  Diameter  of  the  Outlet — As  representing 
this  width  Vemeau  has  given  two  measurements, — one  from  the 
anterior  and  inferior  margin  of  the  last  sacral  vertebra  to  the 
lowest  part  of  the  symphysis  pubis,  and  another  from  the  tip  of 
the  last  coccygeal  vertebra  to  the  same  part  of  the  symphysis. 
As  the  second  appears  to  J)e  a  very  uncertain  measurement,  on 
account  of  the  coccyx  being  movable,  in  most  instances,  in  the 
living  subject,  and  frequently  also  in  the  skeleton,  I  prefer  the 
first  or  sacro-symphysial  diameter,  but  with  a  somewhat 
different  definition.  I  would  propose  that  it  be  defined  as  the 
width  between  the  centre  of  the  anterior-inferior  margin  of  the 
body  of  \hQ  fifth  sacral  vertebra  and  the  most  adjacent  point  of 
the  symphysis  pubi&  The  average  length  of  this  measure- 
ment, as  just  defined,  is  in  the  Europeans  116  mm.,  in  the 
Australians  107'6  mm.,  and  in  the  Andamanese  100*6  mm. 

These  numbers  give  an  average  index  with  the  transverse 
diameter  of  the  brim  in  the  Europeans  of  87*2,  in  the  Austra- 
lians 91*5,  and  in  the  Andamanese  of  98,  thus  indicating  that 
there  is  a  well-marked  difference  in  this  diameter  between  each 
of  the  three  races. 

Tlie  TraTisverse  Diameter  of  the  Outlet. — ^The  maximum  width 
of  the  pelvic  outlet,  measured  at  right  angles  to  the  antero- 
posterior diameters  of  the  outlet,  between  the  most  widely 
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separated  points,  on  lines  passing  parallel  to  the  brim-line  from 

the  spines  of  the  ischia  to  the  lower  ends  of  the  obturator 

foramena.    The  lines  referred  to  are  indicated  in  most  pelves  by 

a  small  ridge,  or  rather  an  elevation  of  the  surface  of  each 

ischium,  best  marked  nearest  the  spine.    The  greatest  width  is 

situated  as  a  rule  nearer  the  spines  than  the  obturator  foramina. 

The  measurement  can  be  made  very  accurately,  and  easily, 

especially  with   the   second   measuring   apparatus  described. 

Another  method  of  arriving  at  the  points  refeired  to  is  to  hold 

the  pelvis  at  arm's-length  against  a  dark  surface,  with  the  outlet 

placed  perpendicularly,  by  closing  one  eye,  and  looking  from  the 

outlet  through  thei  pelvis  with  the  other,  the  greatest  transverse 

diameter  of  the  outlet  can  at  once  be  seen  and  measured.    In 

the  European  females  this  diameter  measures  on  an  average 

116  nun.,  in  the  Australians  105  mm.,  and  in  the  Andamanese 

93  mm.    The  indices  of  these  respective  measurements,  when 

compared  with  the  average  transverse  diameter  of  the  brim  of 

the  race  to  which  each  belongs,  is  in  the  Europeans  87,  the 

Australians  89,  and  the  Andamanese  90*2.    Vemeau  has  defined 

a  transverse  diameter  of  the  pelvic  outlet,  but  not  with  sufficient 

accuracy  that  it  can  be  followed.    There  is  no  evidence  that  the 

measurement  proposed  by  him  corresponds  to  that  just  defined, 

as  he  states  its  average  to  be  137  muL  in  thirty-five  female 

Eoropean  pelves,  the  maximum  individual  measurement  being 

155  and  the  minimum  120  mm.,  whereas  the  maximum  of  that 

proposed  by  me  is  129  mm.  and  the  minimum  106  mm. 

The  antero -posterior  and  transverse  diameters  of  the  pelvic  out- 
let, when  compared  with  the  corresponding  measurements  of  the 
brim,  show  the  difference  in  size  between  the  inlet  and  outlet 
of  the  pelvis.  It  will  be  observed  that  the  antero-posterior 
diameter  of  the  inlet  is  smaller  than  that  of  the  outlet  in  the 
European,  while  in  the  Andamanese  the  reverse  is  the  case ;  in 
Australians  the  two  measurements  are  practically  equal.  Where- 
as on  comparing  the  transverse  diameters  of  the  brim  and  outlet, 
openings,  we  find  that  the  transverse  diameter  of  the  former  is 
always  greater  than  that  of  the  latter,  the  proportion  being  in 
the  three  races  respectively  as  100  to  87,  89,  and  90. 

Those  comparisons  just  made  can  be  best  illustrated  by 
placing  the  measurements  in  the  following  tabular  form : — 
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RaeM  and  Sex. 

Inlet. 

Ooilet. 

Indicei  of  Inlet 

Indices  of  Ontlet. 

A.P.D.B. 

T.D.B. 

A.P.D.O. 

T.D.O. 

A.PJ[).B. 

T.D.B. 

A.PJ>.0. 

T.D.O. 

European,  9    . 
Australian,  9  . 
Andamanese,  9 

106-6 

108-6 

99 

188 

118-2 

108 

116 

107-6 

100-6 

116 
104-8 
98 

80 
92 
96 

100 
100 
100 

87 
91 
98 

87 
89 
90 

The  transverse  diameter  of  the  ontlet  may  be  seen,  by  an 
examination  of  the  general  tables,  to  correspond  closely  to  the 
breadth  of  the  upper  surface  of  the  first  sacral  vertebra,  bat,  as 
far  as  I  can  make  out,  the  one  has  no  relation  to  the  other,  and 
must  be  considered  an  incidental  circumstanca 

The  spines  of  the  ischium  undoubtedly  play  an  important 
part  in  the  formation  of  the  pelvic  outlet,  and  it  might  naturally 
be  supposed  that  the  width  of  the  outlet  between  them  would 
be  an  important  measurement  Unfortunately,  they  are  so  fre- 
quently broken  that  the  measurement  can  seldom  be  obtained. 
Even  if  they  were  usually  perfect,  I  am  not  certain  that  they 
would  better  enable  us  to  make  comparisons  between  the  outlet 
of  different  pelves  unless  the  ligaments  were  also  present  The 
greater  or  less  development  of  these  spines  depends  upon  the 
amount  of  development  of  the  ligaments  uniting  the  sacrum  and 
ischium.  This,  therefore,  causes  the  measurement  to  be  one 
liable  to  vary  a  good  deal,  not  only  in  different  races,  but  in  the 
same  race.  Its  value,  I  think,  is  very  questionable  as  one  of 
primary  importance,  though  it  is  very  useful  as  an  accessory 
measurement 

The  width  between  the  tuberosities  of  the  ischia  has  been 
given  by  Yemeau  and  Flower,  who  both  measure  it  between  the 
outer  surfaces  of  the  tuberosities.  As  its  form  and  size  are 
determined  to  some  extent  by  the  muscular  development  of  the 
lower  limbs,  and  as  it  cannot  be  considered  a  very  satisfactory 
measurement,  I  think  it  must  also  be  classed  amongst  the 
accessory  measurements  of  this  part  of  the  pelvis.  The  trans- 
verse diameter  of  the  outlet  expresses  all  the  information  that  can 
be  derived  from  the  inter-tuber  ischial  width  regarding  the 
breadth  of  the  lower  part  of  the  pelvis. 

The  Svh'piibic  Angle  is  formed  by  the  meeting  of  the  ischio- 
pubic  rami  of  each  side  at  the  lower  extremity  of  the  symphysis. 
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It  is  measnied  with  a  gonionxeter  constructed  so  that  the  apex 
of  the  ixmtniment  fits  closely  into  the  angle ;  a  projector  is  fixed 
to  one  arm  of  the  instroment,  while  the  other  is  free  to  travel 
through  a  space  not  greater  than  two  right  angles.    Care  must 
be  taken  to  have  the  scale  on  the  projector  of  moderate  size  and 
not  too  small,  as  then  it  is  difficult  to  read  off  the  angle,  and  very 
slight  movement  of  the  free  arm  causes  considerable  variation  in 
the  reading.   The  size  of  the  subpubic  angle  is  a  measurement  of 
considerable  importance,  as  it  indicates  the  form  of  the  anterior 
aspect  of  the  pelvis.     There  is  sometimes  a  little  difficulty 
in  determining  the  exact  angle  in  pelves  where  the  inner  and 
anterior  lips  of  the  tuberosities  of  the  ischia  project  beyond  the 
inhio-pubic  rami.     This,  though  it  does  not  very  frequently 
happen,  occurs  oftener  in  female  than  male  pelves,  from  the 
internal  border  of  the  rami  in  the  former  being  somewhat  con- 
cava   In  such  cases  I  think  it  is  best  to  exclude  the  ischia,  and 
measure  the  angle  formed  by  the  rami  only.    When  the  internal 
holders  of  the  rami  are  rough  and  are  studded  over  with  small 
bony  prominences,  as  occasionally  happens,  it  is  almost  impossible 
to  measure  the  angle  absolutely  exactly.     As  a  rule,  however, 
when   measured    in    the    manner   indicated  with  a   suitable 
goniometer,  it  can  be  taken  with  accuracy.      In  the  three  races 
under  consideration,  this  measurement  shows  considerable  vari- 
ation ;  in  the  female  pelves  measured  by  me  it  averages  in  the 
Europeans  TB"",  in  the  AustraUans  TS"",  and  in  the  Andamanese 

Yemeau  found  it  to  be  in  thirty-five  European  females  74*, 
and  in  two  Australians  of  the  same  sex  80°.  The  averages 
obtained  by  Yemeau  and  myself  in  the  case  of  the  European 
females  agree  very  closely.  Of  Australian  pelves,  unfortunately 
neither  of  us  possess  a  sufficient  number  to  determine  accurately 
what  the  true  average  size  of  the  angle  is,  but  in  this  respect  the 
skeletons  in  Paris  seem  to  correspond  closely  with  those  in  the 
Museum  of  the  Boyal  College  of  Surgeons. 

In  addition  to  those  measurements  already  discussed,  Professor 
Flower  includes  in  his  list  five  others,  namely,  the  height  and 
breadth  of  the  obturator  foramina,  and  the  height  and  breadth 
of  the  acetabula,  and  the  inter-obturator  foramina  breadth. 
As  they  do  not  appear  to  me  to  indicate  specially  the  general 
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form  of  the  pelvis,  thej  are  not  indoded  in  ihe  list  of  measnie- 
ments  necessary  for  that  purpose,  though  they  are  useful,  and 
indeed  necessary  in  formulating  minute  differences.  Of  these 
measurements  the  most  important  is  the  intra-obturator  breadth 
or  the  minimum  \ndth.  between  the  inner  borders  of  the  obturator 
foramina.  The  form  of  the  obturator  foramina  has  been  fre- 
quently regarded  as  of  great  diagnostic  value  in  detemuning 
the  sex,  if  not  also  race.  My  observations  lead  me  to  endorse 
the  statement  of  Yemesu,  *'  H  n'en  est  absolument  rien ;  il  est 
compldtement  faux  de  dire  que  le  trou  soit  triangulaire  cbez  la 
femme,  ovulaire  chez  I'homme."  The  chief  sexual  difference  in 
the  form  of  the  foramen,  as  I  hope  on  a  future  occasion  to  show, 
is  that  it  is  larger  in  females  than  in  males.  The  size  of  the 
acetabulum,  though  somewhat  different  in  the  three  races  con- 
sidered, is  proportional  to  the  size  of  the  pelvis  of  each.  Its 
length  is  on  an  average  about  1*5  mm.  greater  than  the  breadth. 
The  measurements  just  described  as  of  primary  importance  are» 
I  believe,  all  that  are  required  to  represent  the  general  form  of  the 
pelvis.  They  number  unfortunately  more  than  I  had  hoped,  though 
they  are  less  by  six  than  the  number  recommended  by  Professor 
Flower.  Future  observations  may  probably  show  that  some  of 
them  may  be  replaced  by  more  comprehensive  ones,  or  classified 
amongst  those  of  secondary  importance.  The  essential  form  of 
the  pelvis  is  to  a  great  extent  influenced  as  previously  stated  by 
the  respective  sizes  of  the  antro-posterior  and  transverse  diameters 
of  the  brim.  The  view  of  the  pelvis  which  includes  those  should 
prima  fame  be  the  most  important  Experience  confirms  this, 
and  to  show  the  characters  of  any  pelvis  it  has  been  customary 
to  represent  its  upper  aspect  Besides  showing  the  form  of  the 
brim,  such  a  view  shows  the  form  and  breadth  of  the  crests  and 
the  breadth  of  the  sacrum,  and  is  altogether  the  most  com- 
prehensive that  can  be  obtained  It  is  expressed  by  seven 
measurements,  viz.,  the  antero-posterior  and  transverse  diameters 
of  the  brim,  the  width  between  the  anterior-superior  spines  of 
the  ilium,  the  width  the  posterior-superior  spines,  the  mftYiTnnm 
crest  width,  the  breadth  of  the  ilium,  and  the  breadth  of  the 
sacrum.  If  in  practice,  therefore,  it  be  found  that  the  whole  list 
of  measurements  is  too  numerous  to  give  in  a  general  description 
of  the  skeletons  of  any  particular  race  or  sex^  it  should  be 
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remembered  that  most  important  information  as  to  the  character 
of  the  pelvis  is  yielded  by  those  of  its  upper  half,  and  that 
by  giving  them  in  osteological  descriptions,  anthropologists  may 
do  much  to  increase  our  knowledge  of  this  part  of  the  skeleton. 
Their  value  may  be  estimated  partially  by  reference  to  the 
table,  and  by  contrasting  them  and  their  indices  in  the  three 
races  of  which  measurements  are  given ;  but  the  fact  that  it  is 
possible  to  draw  the  upper  aspect  of  any  normal  pelvis  from 
these  measurements,  or  from  their  averages  in  any  race  to 
produce  a  drawing  of  a  typical  pelvis  of  the  race,  is  a  marked 
proof  of  their  importance.    Although  neither  the  pelvis  nor  any 
other  part  of  the  skeleton  is  constructed  upon  mathematical 
principles,  as  far  as  my  observations  go,  yet  the  relation  of  these 
measurements  to  one  another  is  such  as  to  allow  of  the  applica- 
tion of  mathematical  methods  to  determine  the  position  of  the 
respective  points  between  which  they  are  taken.    It  is  not  pre- 
tended that  more  than  a  good  general  outline  of  the   upper 
aspect  of  the  pelvis,  as  seen  from  above  when  the  pelvis  is 
placed  with  the  brim  horizontal,  can  be  thus  produced ;  and  as 
it  is,  I  believe,  the  first  attempt  that  has  been  made  towards 
diagramatic  formulation  of  this  portion  of  the  skeleton  from 
measurements  only,  the  nwdvs  operandi  may  very  probably  be 
capable  of  considerable  improvement,  or  require  a  few  modifica- 
tions.   The  line  of  antero-posterior  diameter  of  the  brim  divides 
the  pelvis  into  two  equal  halves,  and  is  very  convenient  for  the 
purpose  of  determining  the  position  of  the  other  measurements, 
since  the  various  points  of  pelvic  width  lie  on  either  side  of  it. 
To  construct  a  diagram  of  a  pelvis  from  measurements,  draw  a 
perpendicular  line  AB  (see  PL  V.),  and  on  it  mark  a  point  C  to 
represent  the  symphysis  pubis ;  on  the  line  AB  take  a  point  D, 
situated  at  a  distance  fromC,  equal  to  the  antero-posterior  diameter 
of  the  brim,  and  through  D  draw  a  line  EF  at  right  angles  to  AB. 
This  line  I  have  found,  after  comparing  several  pelves,  corresponds 
very  nearly  to  the  line  of  greatest  crest  width.     Divide  the  line 
CD  into  three  equal  parts  at  the  points  M  and  G.     The  greatest 
transverse  diameter  of  the  brim,  as  a  rule,  is  situated  between 
the  posterior  and  middle  thirds  of  the  antero-posterior  diameter, 
the  point  6  therefore  corresponds  to  it.    Through  G  draw  a  line 
ir  at  right  angles  to  AB.     On  the  line  DA  take  a  point  N,  so 
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that  DN  shall  be  equal  to  D€r.  After  several  observations,  I 
have  found  that  the  point  where  crest  of  the  ilium  disappears 
from  view  behind  the  sacrum  when  the  pelvis  is  placed  with  the 
plane  of  the  inlet  perpendicularly  or  horizontally,  is  as  far  behind 
the  promontory  of  the  sacrum  as  the  line  of  maximum  transverse 
diameter  is  in  front  of  it  This,  and  similar  observations  I  have 
been  able  to  make  accurately  by  means  of  exact  tracings  of 
pelves  taken  with  Broca's  Stereograph.  Through  the  point  N 
draw  a  line  at  right  angles  to  AB,  and  on  it  take  a  point  L  at 
a  distance  from  N,  equal  to  half  the  width  between  the  posterior- 
superior  spines  of  the  ilia.  After  examining  the  several  pelves, 
I  have  found  that  the  point  L,  though  considerably  higher  on  the 
crest  than  the  posterior-superior  spine,  is  situated  in  a  direct  line 
above  it  when  the  pelvis  is  held  with  the  brim-line  in  the  hori- 
zontal position.  LL'  will  therefore  correspond  to  the  width 
between  the  spines.  On  the  line  passing  through  D  at  right 
angles  to  AB  take  the  points  ££',  each  distant  from  D  equal  to 
half  the  width  of  the  sacrum,  and  draw  through  them  lines 
parallel  to  AB.  The  greatest  sacral  width  is  usually  a  little  behind 
the  line  of  the  sacral  promontory  at  the  points  00'.  Likewise, 
take  the  points  FF,  so  that  FD  and  FD  are  each  equal  to  half 
the  maximum  crest  width.  The  line  of  greatest  crest  width  I 
have  found  to  be  usually  situated  in  a  line  with  the  promontory 
of  the  sacrum,  though  sometimes  it  is  somewhat  further  forward, 
and  sometimes  further  back.  On  the  line  passing  through  G  at 
right  angles  to  AB,  take  the  points  I  and  I',  at  distances  from  G 
equal  to  half  the  width  between  the  anterior-superior  spines  of 
the  ilium,  and  the  points  H  and  H',  at  distances  equal  to  half  the 
transverse  diameter  of  the  brim.  Through  the  points  II  draw 
lines  parallel  to  AB,  and  on  these  take  points  K  and  K',  so  that 
each  shall  be  at  a  distance  from  L  and  U  equal  to  three-fourths 
the  iliac  breadth.  K  and  E'  represent  the  anterior  superior  spines 
of  the  ilium.  The  line  of  iliac  breadth,  though  about  transverse 
in  the  erect  position  of  the  skeleton,  is  directed  downwards  and 
backwards  when  the  brim  is  placed  horizontally.  After  several 
researches,  I  have  found  that  the  portion  of  the  crest  seen  when 
the  brim  is  horizontal  is  usually  equal  to  three-fourths  of  the  entire 
breadth  of  the  ilium.  lines  drawn  from  L  to  K  and  from  L 
*^o  K'  represent  the  angle  at  which  the  iliac  bones  are  placed. 
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Having  ascertained  these  different  points,  all  that  remains  to 
be  done  is  to  draw  in  the  outlines  of  a  pelvis  between  them. 
This  has  been  done  in  the  two  pelves  figured  in  Plate  V.  The 
fiist  is  the  form  of  the  European  pelvis  drawn  from  the  average 
measnTements  of  fourteen  European  female  pelves  given  in  the 
general  table,  while  the  second  is  a  typical  Andamanese 
pelvis,  drawn  likewise  from  averages,  the  product  of  thirteen 
female  Andamanese  pelves.  On  comparing  those  two  drawings 
with  pelves  of  the  respective  races  which  correspond  as  nearly 
as  possible  to  the  average  in  all  their  measurements,  it  will 
be  found  that  they  represent  very  fairly  the  general  form  of  each. 
The  two  figures  show  especially  the  characteristic  difference 
between  the  races  in  the  form  of  the  brim  and  the  angle  at 
which  the  iliac  bones  are  placed. 

The  method  of  producing  the  diagram,  though  it  may  at  first 
sight  appear  somewhat  complicated,  is  in  reality  quite  simple, 
and  may  readily  be  learned.  I  have  not  yet  been  able  to 
construct  a  similar  diagram  of  the  anterior  view  of  the  pelvis 
which  is  more  diificult  to  represent,  from  the  difficulty  in  deter- 
mining the  relation  of  the  various  measurements  to  one  another. 
This  diagram  of  the  upper  surface  will,  I  think,  prove  useful  in 
enabling  us  to  appreciate  more  fully  the  value  of  measurements, 
since  it  shows  that  they  are  convertible  qualities  which  at  any 
time  can  be  produced  to  the  form  of  a  diagram. 

In  Table  L,  I  have  placed  the  individual  measurements  of  the 
transverseand  antero-posterior  diameters  of  the  pelvis,  from  which 
the  average  of  these  measurements  given  in  Table  II.  are  taken, 
along  with  the  indices  obtained,  first  by  taking  the  transverse 
diameter  as  the  standard,  and  secondly  by  taking  the  antero- 
posterior diameter  as  the  standard.  The  individual  variations 
from  these  indices  are  indicated  in  the  small  columns  between 
eacL  By  giving  this  detailed  comparison^  I  trust  better  oppor- 
tunity wDl  be  afforded  of  deciding  which  of  the  two  diameters 
forms  the  best  standard.  The  headings  of  Table  II.  explain 
themselves  sufficiently  without  further  observations. 
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THE   CEAOTAL  CHAEACTERS   OF  THE  ADMIRALTY 
ISLANDERS.^     By  Professor  Wm.  Tubnkb,  M.B.,  F.RS. 

[Abstract.) 

The  skulls  described  in  this  commmiicatioii  were  obtained  in  March, 
1875  by  the  Scientific  Staff  of  H.MS.  Challenger,  at  Wild  Island, 
one  of  the  Admiralty  group.  Their  description  has  been  entrusted  to 
me  by  Sir  C.  Wyville  Thomson,  and  it  is  by  his  kind  permission  that 
I  am  enabled  to  bring  them  before  the  notice  of  the  Anatomical 
Section  of  this  Congress.  The  collection  consisted  of  eleven  skulls,  a 
calyaria,  and  a  face;  the  greater  number  were  smeared  with  a  red 
pigment,  and  one  had  an  artificial  nose  and  eyes  modelled  in  a  black 
material  Several  had  holes  broken  through  the  squamous- 
temporals,  in  which  sticks  had  been  inserted  for  suspending  the  skulls. 
The  crania  were  all  elongated  antero-posfceriorly,  not  flattened  or  ridge- 
shaped  at  the  vertex,  nor  with  strong  supraciliary  ridges  nor  glabella. 
No  artificial  parieto-occipital  flattening.  The  crania  were  all  adult, 
and  probably  consisted  of  seven  males  and  five  females.  Wormian 
or  other  triquetral  bones  were  not  uncommon.  In  two  specimens  the 
alisphenoid  and  parietal  articulated  in  the  region  of  the  left  pterion, 
and  in  one  specimen  the  right  parietal  was  completely  separated  into 
an  upper  and  a  lower  division  by  an  antero-posterior  denticulated 
suture.  One  specimen  had  a  third  occipital  condyle,  and  in  the  same 
skuU  the  nasal  bones  had  not  been  developed,  and  the  nasal  spine  of 
the  frontal  and  the  ascending  processes  of  the  superior  maxillsd  formed 
the  bridge  of  the  nosa 

The  mean  cephalic  index  was  70,  that  of  the  males  71,  of  the 
females  69.  The  mean  vertical  index  was  72,  that  of  the  males  73,  of 
the  females  70.  The  approximate  cranial  capacity  was  1310  cubic 
cent.,  th^t  of  the  males  1422,  of  the  females  .1170.  The  mean  facial 
index  was  65,  that  of  the  males  62,  of  the  females  68.  The  mean 
gnathic  index  was  103,  which  was  also  the  average  in  the  two  sexes. 
The  mean  nasal  index  was  48,  that  of  the  males  51,  of  the  females 
44.  The  mean  orbital  index  was  86,  which  was  also  the  average 
in  the  two  sexes.  The  mean  palato-maxillary  index  was  112,  which 
was  almost  the  same  in  the  two  sexes.  The  crania  therefore  were 
markedly  dolichocephalic,  somewhat  higher  than  broad;  microcephalic 
for  the  females,  but  mesocephalic  for  the  males;  as  a  rule  cryptozygous : 
on  the  line  between  mesognathism,  and  prognathism;  on  the  line 
between  the  leptorhine  and  meso-rhine  as  regards  the  nasal  index ; 
meso-seme  as  regards  the  orbital  index ;  with  no  disproportion 
between  the  length  and  breadth  of  the  palato-maxillary  arch. 

The  paper  concluded  with  a  comparison  of  these  crania  with  those 
of  the  Australian,  Melanesian,  and  proper  Polynesian  race&     Though 

1  Read  before  the  International  Medical  Congress  in  London,  August  i,  1881. 
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dolleocephalic  like  the  AustroliaDS,  they  were  not  so  massive,  nor 
with  80  strong  a  glabella  and  supraciliary  ridges;  nor  roof-shaped 
like  the  Austndians ;  neither  were  they  like  them  platyrhine,  nor  so 
distinctly  prognathic.  They  differed  materially  from  the  brachy- 
cephalic  or  sub-brachycephalic  Polynesians,  like  the  Samoan 
Islanders.  They  were  not  so  dolicocephalic  as  the  natives  of  the 
mountainous  region  of  Yiti  Levu,  one  of  the  Fijian  islands,  described 
by  Professor  Flower,  who  are  probably  an  unmixed  Melanesian  race, 
and  in  whom  the  cranial  index  was  as  low  as  66.  The  Fijian 
mountaineers  were  also  strongly  phenozygous  and  platyrhine.     The  ^ 

Admiralty  Islander  crania  much  more  nearly  resembled  those  of  the 
dolicocephalic  people  inhabiting  the  coast-line  of  New  Guinea.  Like 
New  Guinea,  these  islands  were  originally  colonised  by  the  great 
Melanesian  race,  but  from  time  to  time  have  doubtless  been  visited, 
and  it  may  have  been  partially  occupied  by  other  races,  and  in  this 
manner  modifications  in  their  original  race  characters  may  have 
arisen. 


geport  on  ^feasiolajafs.' 


SELECTED  ABSTRACTS  by  William  Stirling,  M.D.,  ScD., 
Professor  of  the  Institutes  of  Medicine  (Physiology)  in  the 
University  of  Aberdeen, 

On  thb  Functions  op  thb  Cortbx  Gkrbbri. 

H.  Munk  (Tiber  die  Funetionen  der  Grosshimrinde,  Berlio,  1881) 
has  published  in  a  collected  form  several  contributions  vrhich  he  has 
made  to  various  journals  on  the  above  subject  (1877-80). 

In  the  introduction  a  short  resume  is  given  of  the  experiiuental 
researches  on  the  brain  from  the  time  of  Elourens  to  Fritsch  and 
Hitzig. 

L  ExFiCBiMENTS  ON  DoGS. — If  a  line  be  drawn  vertically  from  the 
end  of  the  Sylvian  fissure  towards  the  falx,  it  divides  two  well-marked 
areas  of  the  cortex  from  each  other.  In  the  extirpation  experiments 
dogs  of  middle  size  were  used,  and  circular  portions — 15  mm.  in 
diameter  and  2  mm.  in  depth — of  the  cortex  were  removed  from  the 
convexity  of  the  frontal,  occipital,  and  temporal  lobes.  Extirpations 
practised  in  front  of  the  imaginary  line  always  caused  disturbances  of 
motion,  whilst  similar  operations  practised  behind  this  line  never  caused 
— not  even  a  trace — of  motor  disturbance.  The  posterior  section  of 
the  convexity  of  the  brain  contains  two  functiondly  distinct  areas ; 
the  one  area  includes  the  occipital  lobes,  and  has  certain  relations  to 
the  sense  of  sight ;  the  other  is  formed  by  the  cortex  of  the  temporal 
lobes,  and  is  related  to  heating.  The  anterior  section  of  the  cortex 
comprises  the  area  for  the  sense  of  touch  (in  the  widest  sense  of  the 
term)  for  the  body.  The  surface  of  the  cortex  cerebri  may  therefore 
be  divided  into  three  areas.  The  spheres  or  areas  for  (1)  touch,  (2) 
sight,  and  (3)  hearing. 

1.  The  Sensory  Area  (Fiihlsphare). — Former  investigators,  depending 
on  the  results  of  stimulation  of  the  brain  and  the  results  of  removal  of 
certain  parts  thereof,  were  almost  all  of  opinion  that  motor  or  psycho- 
motor centres  were  situated  in  this  area.  These  "motor"  centres 
involve  only  a  limited  area  of  the  cortex  around  the  sulcus  cruciatus, 
while  the  functions  of  the  remaining  portions  were  unknown.  Munk 
is  of  opinion  (1)  that  the  motor  phenomena  do  not  necessitate  the 
assumption  that  these  centres  are  "  motor,"  but  only  that  these  regions 
are  the  seat  of  the  perceptions  which  result  from  the  sensory  touch 

^  To  assist  in  rendering  this  report  more  complete,  authors  are  requested  to  sent 
copies  of  their  papers  to  £>r  Stirliiigi  University,  Aberdeen. 
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impressions  coining  from  the  body,  and  accordingly  the  motor  percep- 
tions in  the  sensory  spheres  (Fiihlsphare)  are  the  canse  of  the  s<>called 
voluntary  movements ;  (2)  that  the  sensory  area  is  not  limited  to  the 
cortex  of  the  temporal  lobe,  but  also  embraces  the  cortex  of  the 
frontal  lobe.  The  sensory  area  of  each  half  of  the  body  consists  of  a 
series  of  regions,  toch  of  which  has  a  special  relation  to  special  parts 
of  one  half  of  the  body,  so  that  injury  of  one  region  always  causes  dis- 
turbance of  the  sensibility  and  sensory  perceptions  only  in  the  corre- 
sponding part  of  the  body.  Munk  has  isolated  seven  regions  within 
tliQ  sensory  area  which  are  locally  separate  from  each  other,  and  when 
they  are  destroyed  singly  produce  characteristic  phenomena.  From 
behind  forwards  they  are  a  region  for  (1)  eye,  (2)  ear,  (3)  hind  limb, 
(4)  fore  limb,  (5)  head,  (6)  neck,  (7)  trunk. 

With  regard  to  the  results  which  follow  from  experimental  inter- 
ference with  these  regions  we  refer  to  the  original.  The  sensory  area  is 
the  place  where  the  perception  of  the  impressions  from  the  sense  of  touch 
takes  place,  and  the  perception  or  conception  and  the  memory  pictures 
of  impressions  have  their  seat.  The  perceptions  which  arise  from  the 
sense  of  touch  are  various — (a)  conscious  skin  impressions  which  lead 
to  sensations  of  touch  and  pressure^  and  which  form  the  basis  of  our 
conceptions  of  touch  and  pressure ;  (b)  impressions  from  muscles — 
muscle  sense — which,  with  the  impressions  proceeding  from  the  skin, 
give  us  a  notion  of  the  position  of  parts  of  our  bodies  in  space  as  in 
passive  movements — perceptions  of  position ;  (c)  impressions  from  active 
muscles,  the  7ierve  perceptions.  These,  when  imited  with  pressure  and 
muscle  sense,  give  on  the  one  hand  perceptions  of  movement,  and  on. 
the  other  perceptions  of  touch,  perceptions  of  the  form,  extent,  &c., 
of  objects  which  the  active  parts  of  the  body  come  in  contact  with 
or  touch. 

Suppose  a  large  part  of  the  cortex — within  the  region  of  the  fore  limb 
—to  be  removed  from  an  adult  animal,  it  is  obvious  that  the  disturb- 
ances of  "sensibility  and  motion"  may  be  classified  according  to  the 
above  groups.  Gradually  the  sensory  perceptions  are  formed  again 
anew,  and  first  the  simpler  perceptions  (pressure  and  position)  and  then 
the  more  complex  perceptions  follow.  Extirpation  of  small  portions  pro- 
duces only  partial  loss  (at  first  of  perception  of  motion  and  touch,  then 
of  position  and  pressure).  Extirpation  of  large  areas  complete  loss 
of  sensory  impressions,  proceeding  from  the  body  (paralysis  of  sensation, 
motion,  and  sensibility  of  that  part  of  the  body).  If  the  extirpation 
be  very  large,  only  pressure  and  position  may  be  restored.  The  com- 
plete destruction  of  the  sensory  area  must  result  in  permanent  loss  of 
all  feeling  and  perceptions  of  impressions  from  the  parts  of  the  body. 

2.  TJie  Area  for  Vision  (Sehsphare). — If  a  circular  portion  of  the 
cortex  cerebri — 15mm.  in  diameter  and  2  mm.  in  depth — ^be  removed 
from  the  convexity  of  the  occipital  lobe  (middle  sized  dog),  near  its  pos- 
terior and  upper  end,  after  three  to  five  days,  when  the  inflammatory 
disturbance  has  subsided,  the  smell,  taste,  motion,  sensation,  &c.,  of  the 
animal  will  be  normal,  but  it  exhibits  peculiarities  of  vision.  The 
dog  moves,  without,  however,  coming  in  contact  with  objects ;  it  avoids 
obstacles  placed  in  its  path.     It  no  longer  knows,  however,  indi- 
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▼iduals,  nor  the  objects  which  belonged  formerly  to  its  daily  observa^ 
tion  and  experience— neither  food  nor  conditions  calculated  to  inspire 
fear — as  fire,  the  whip,  nor  even  the  attendant  once  Ins  friend.  The  dog 
has  become  mentally  blind  (*' Seelenblind,")  i.e.,  it  has  lost  the  visual 
conceptions,  and  the  memory  pictures  of  its  former  visual  perceptions 
which  it  possessed,  so  that  it  neither  knows  nor  perceives  what  it 
sees  !  but  the  dog  sees  !  the  visual  impressions  reach  his  consciousness, 
become  perceptions,  and  cause  conceptions  of  the  form  and  position  of 
external  objects,  so  that  new  visual  conceptions  and  memory  pictures 
of  visual  impressions  are  acquired.  The  dog  learns  to  see  anew,  just 
as  in  its  youngest  condition,  and  after  three  to  five  weeks  the  sense  of 
sight  is  completely  restored. 

These  experiments  necessarily  lead  to  the  conclusion  that  the  visual 
area  is  of  much  greater  extent  than  that  involved  in  the  operation,  and 
this  is  confirmed  by  experiment.  It  embraces  the  whole  occipital 
lobe,  with  the  side  of  the  gyms  medialis  directed  towards  the  falx. 
Within  this  region  the  central  elements,  in  which  the  fibres  of  the 
optic  nerve  end  and  the  visual  perceptions  take  place,  are  regularly 
and  continuously  arranged,  so  that  neighbouring  retinal  elements 
always  correspond  to  neighbouring  perceptive  elements  of  the  cortex. 
Each  retina  is  arranged  with  its  most  external  lateral  part,  with  the 
most  external  latdiul  portion  of  the  visual  area  of  the  same  side, 
whilst  the  much  larger  and  remaining  portion  of  each  retina  belongs 
to  the  larger  remaining  visual  area  of  the  opposite  side,  so  that  one 
can  imagine  the  retina  projected  on  to  the  visual  area,  so  that  the 
lateral  margin  of  the  retina  corresponds  to  the  lateral  margin  of  the 
visual  area,  the  inner  margin  of  the  retina  to  the  median  margin,  the 
upper  margin  of  the  retina  to  the  anterior  margin,  and  lastly,  the 
lower  margin  of  the  retina  to  the  posterior  margin  of  the  visual 
area. 

The  most  acute  point  of  vision  in  the  dog  is  in  the  outer  half  of 
the  retina,  and  belongs  to  the  position  A^oi  Munk  of  the  visual  area. 
For  this  reason,  in  spite  of  the  large  visual  area,  the  memory  pictures 
of  visual  perceptions  are  collected  in  A^.  The  same  spot  of  the 
retina  is  always  used  for  distinct  vision,  hence  the  distinct  perception 
of  objects  falls  upon  the  position  A-^^  of  the  visual  area.  With  regard 
to  the  course  of  the  fibres  from  the  retina  to  the  cortex,  a  semi- 
decussation takes  place  in  the  dog ;  the  non-decussating  bundle  of  the 
optic  nerve  runs  from  the  most  external  lateral  portion  of  the  retina 
to  the  most  external  lateral  visual  area.  Within  the  decussating 
bundle  all  the  fibres  become  displaced,  so  that  the  fibres  which  are 
arranged  from  right  to  left  come  to  lie  from  left  to  right. 

If  both  visual  areas  are  completely  removed,  of  course  the  optic 
fibres  are  stimulated  by  light  as  before,  and  this  causes  reflex  effects — 
movements  of  the  iris — ^through  central  parts  situated  below  the  cor- 
tex, but  light  is  no  longer  perceived,  and  perceptions  of  light  no 
longer  occur.  Complete  blindness  of  the  cortex  occurs  for  all 
time. 

The  Tn^n^-blindness  is  only  '*  blindness  of  the  cortex "  (Rinden- 
blindheit,)  in  which  the  end  elements  of  the  point  of  direct  vision 
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in  tho  cortex  of  the  cerebrum  are  destroyed  (A^).  Still  the  mental- 
blindness  has  this  peculiarity,  that  it  includes  in  itself  the  definite 
outcome  of  all  the  '' conception  elements,"  in  which  the  memory 
pictures  of  former  visual  impressions  were  contained,  as  it  were,  in  a 
latent  condition.  The  **  conception  elements  "  are  contained  in  those 
parts  of  the  visual  area  which  are  united  with  the  points  of  distinct 
vision,  and  its  surroundings  in  the  retina.  This  mental-blindness  may 
be  gradually  restored,  for  the  dog  directs  its  attention  to  the  visual 
impressions  which  reach  it  through  other  portions  of  the  retina. 
Thus  in  time  there  is  recovery  from  the  mental-blindness,  whilst  there 
is  only  partial  recovery  from  the  *^  blindness  of  the  cortex." 

3.  The  Auditory  Area  lies  in  the  temporal  lobe.  Extirpation  of 
both  auditory  areas  in  their  entire  extent  causes  complete  *'  cortical 
deafness"  (Eindentaubheit).  These  experiments  are  very  difficult, 
and  often  fail,  on  account  of  the  difficulty  of  the  operative  procedure. 
There  is  a  spot  (B^  in  the  auditory  area  on  which  the  auditory  con- 
ceptions of  the  dog  depend.  It  corresponds  to  the  spot  Aiia  A. 
Extirpation  of  B^  causes  '*  mental  deafness "  (Seelentaubheit). 
Auditory  conceptions  are  lost ;  but,  as  with  the  visual  areas,  there 
may  be  restitution  in  other  parts  of  the  auditory  area  within  a  few 
weeks. 

IL  Experiments  on  Apes. — The  sensory  areas  correspond  in  posi- 
tion and  extent  pretty  closely  with  those  of  the  dog.  The  regions  for 
the  eyes  are  of  great  importance.  It  includes  the  gyrus  angularis, 
exactly  that  part  which  Ferrier  calls  the  visual  centre,  in  the  narrower 
sense  of  tho  word.  Extirpation  of  this  region,  which  goes  too  far 
back,  causes  dirturbances  of  visual  impressions  and  visual  perceptions  ; 
if  too  far  forward,  there  is,  in  addition,  interference  with  touch  and 
the  perceptions  of  sensory  impressions  from  the  head  and  extremitiea 
After  extirpation  of  the  eye  region  on  one  side,  e.g.^  left,  the  following 
are  the  results : — If  the  bulb  or  palpebral  conjunctiva  of  the  right  eye 
is  touched  with  a  needle,  there  is  slight  winking ;  but  one  can  press 
and  prick  the  eyeball,  and  the  animal  remains  quite  quiet,  whilst  the 
slightest  touch  of  the  left  eye  causes  characteristic  painful  sensations 
and  protective  movements.  If  the  finger  is  brought  close  to  the  left 
eye,  this  act  is  always  followed  by  winking ;  but  if  the  same  is  done 
to  the  right  eye,  winking  does  not  occur  until  there  is  direct  contact 
with  the  eye-lashes  or  eye-lid.  It  would  seem,  therefore,  that  the  cortex 
cerebri  can  no  longer  set  the  sphincter  palpebrarum  in  action.  Slight 
ptosis  and  well-marked  lachrymation  are  sometimes  observed,  and  the 
movements  of  the  eyeballs  are  somewhat  impaired ;  but  changes  in  the 
pupil  were  never  observed  as  a  sequel  of  the  experiment  On  account 
of  the  complexity  of  the  motor  acts  the  impairment  and  the  loss  of  the 
perceptions  of  space,  touch,  and  motion  were  well  marked. 

The  Visual  Centres, — The  cortex  of  the  well-defined  occipital  lobes 
are  the  anatomical  seat  of  these  centres.  Unilateral  total  extirpation 
of  the  cortex  on  the  convex  surface  causes  the  monkey  to  become 
permanently  hemiopic  blind  for  the  halves  of  both  retinsB  on  the  side 
opposite  to  the  injury ;  but  usually  there  is  a  trace  of  visual  perception 
left  from  the  difficulty  of  removing  the  under  surface  of  the  occipital 
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lobes  on  both  sides.     It  seems  that  each  macula  lutea  has  relations 
with  the  visual  centres  in  both  hemispheres. 

In  conclusion,  the  author  communicates  his  experiments  on  the 
clfcuiory  centre  of  the  dog ;  and  from  pathological  changes  he  comes 
to  the  conclusion  that  the  gyrus  hippocampi  is  the  seat  of  this  centre. 
{Ceniralblatty  1881.) 


On  thb  Movembntb  fbobuobd  by  Stimulation  of  thb  Brain. 

Fran^ois-Franck  and  Pitres  {Travaux  du  Lahoratoire  de  M.  Marey, 
IV.y  1878-79,  p.  418),  applied  electrical  stimuli  to  the  grey  matter, 
and  also  to  the  underlying  white  substance.  A  single  induction  shock 
produced  a  simple  muscular  contraction,  just  like  that  produced 
by  stimulation  of  a  motor  nerve.  When  a  series  of  slow  stimuH  were 
applied  the  corresponding  muscles  replied  with  single  contractions, 
and  when  the  stimuli  were  rapid,  with  tetanua  The  same  number  of 
stimuli  is  required  to  produce  tetanus  whether  the  brain,  nerve,  or 
muscle  is  stimulated.  If  a  series  of  "  inadequate "  stimuli  are  used 
instead  of  one  "  effective  "  stimulus,  then  "  summation  "  of  the  weak 
stimuli  occurs.  The  contraction  occurs  some  time  after  the  application 
of  the  stimulus ;  there  is  a  latent  period,  which  is  longer  the  larger 
the  animal  The  strength  of  the  stimulus  makes  no  difference,  but 
the  distance  of  the  centre  from  the  muscle  does,  on  the  latent  period. 
The  authors  conclude  that  the  nerve  impulse  proceeding  from  the 
brain  travels  at  the  rate  of  10  metres  per  second. 

The  authors  then  discuss  the  associated  movements  which  occur 
after  stimulation  of  the  centre  of  one  sida  These  movements  are 
neither  similar  nor  synchronous;  the  muscles  of  the  opposite  side 
contract  sooner  (05'')  and  stronger,  those  on  the  same  side  after  '065". 
The  associated  movements  do  not  take  place  if  the  nerves  on  that  side 
are  divided  before  the  experiment.  They  think  that  the  impulses 
cross  in  the  pons  and  medulla,  so  that  the  movements  may  be  ref  ex. 

In  animals  which  are  not  narcotised,  epileptic  convulsions  occur 
with  extreme  ease,  and  the  attack  may  be  local,  hemiplegic,  or  general. 
The  attack  is  generally  local,  and  when  the  right  side  is  stimulated 
certain  parts  are  convulsed  before  others.  There  are  two  periods  in 
each  attack — one  tetanic,  the  other  clonic  It  begins  with  tetanus, 
which  lasts  a  short  time  and  is  not  in  proportion  to  the  total  duration 
of  the  attack.  In  the  second  period  there  are  short  sharp  contractions 
of  the  muscles,  which  become  stronger  and  longer.  The  attack  may 
last  from  a  few  seconds  to  fifteen  or  twenty  minutes;  the  attacks  may 
follow  each  other  rapidly  and  kill  the  animal 

With  regard  to  the  white  substance,  a  bundle  of  fibres  springs  from 
each  centre,  passes  through  the  centrum  ovale,  enters  the  inner  cap- 
sule, and  retains  its  functional  independence  throughout  its  entire 
inira-cerebral  course.  The  fibres  are  excitable,  but  not  in  an  equal 
degree,  throughout  their  entire  course,  the  excitability  being  less  near 
the  convolutions  than  in  the  grey  matter,  whilst  it  is  much  greater  in 
the  inner  capsule.     Single  shocks  cause  simple  contractions,  rapid 
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shocks  tetanus.  The  contractions  occur  more  rapidly,  so  that  it  is 
obvious  the  grey  matter  offers  more  resistance  to  the  impulses.  Epi- 
leptic attacks  are  not  produced.  Stimulation  of  the  inner  capsule 
produces  violent  tetanus,  but  with  dissociated  movements.  The  great 
excitability  is  due  to  the  grey  nuclei  of  the  corpus  striatum,  although 
these  nuclei  themselves  are  not  excitable  (Centrdlblatt,  No.  13, 
1881). 


Phtsiologt  of  the  Rabbit's  Brain  and  its  Nerves. 

A.  Christiani  (Monatsb.  d.  h.  Akad.  d.  Wtssevmh.  zu  B&tiin^ 
Februaiy  1881,  and  GentralhlaM,  No.  25,  1881),  finds  that— 

1.  Stimulation  of  the  end  of  the  optic  nerve  exposed  in  the  orbit  of 
a  rabbit,  and  the  branch  of  the  trigeminus  which  lies  close  beside  it, 
influenced  the  respiration,  and  changed  the  heart-beat  even  to  stopping 
it — even  when  weak  currents  were  used,  so  that  there  was  no  chance 
of  secondary  circuits  being  formed.  Stimulation  of  the  optic  nerve 
accelerated  the  respiration  in  the  inspiratory  phase,  and  that  of  the  tri- 
geminus in  the  expiratory  phase.  After  removal  of  the  cerebrum  and 
the  corpus  striatum  without  ligature  of  the  carotids,  the  intracranial 
stimulation  of  the  optic  gave  the  same  result.  Light  had  the  same 
effect,  only  it  acted  more  powerfully  after  removal  of  the  cerebrum. 
Stimulation  of  the  acoustic  nerve  by  means  of  its  "  adequate  "  stimulus 
caused  inspiration,  and  was  also  more  effective  after  removal  of  the 
cerebrum.  A  limited  area  was  found  in  the  interior  of  the  optic 
thalamus,  a  little  above  the  floor  of  the  third  ventricle,  where 
stimulation  caused  a  standstill  of  the  diaphragm  in  inspiration,  or 
caused  deepened  inspiration  and  accelerated  respirations,  this  the 
author  calls  the  **  inspiratory  centre  of  the  third  ventricle,"  and  it 
seems  to  be  associated  with  the  pupil-dilating  centre.  Strychnine 
excites  both  centres,  whilst  during  chloral  narcosis  the  excitability  of 
the  inspiratory  centre  is  greatly  diminished  and  the  pupil  contracted. 
Section  of  the  vagi  does  not  affect  the  relations  of  the  inspiratory 
centre.  This  centre  can  be  removed  with  a  trocar  when  an  expiratory 
centre  in  the  corpora  quadrigemina  close  under  and  near  the  aqueduct 
of  Sylvius  is  found,  whose  stimulation  caused,  after  section  of  both 
vagi,  active  expiratory  efforts,  or  stand  stiU  in  ordinary  or  active  ex- 
piration. After  cessation  of  the  stimulation  there  is  a  compensatory 
accelerated  inspiration,  and  often  a  peculiar  cry.  This  centre,  which 
is  scarcely  affected  by  chloral,  is  associated  with  the  centre  for  con- 
traction of  the  pupil.  The  inspiratory  centre  is  active  even  during 
apnoea.  Removal  of  the  cerebellum  scarcely  affects  the  respiration, 
nor  does  a  section  behind  the  corpora  quadrigemina  without  a  deep 
lesion  of  the  pons.  After  this  the  reflex  effect  on  the  respiration 
from  the  tactile  (inspiratory)  and  painful  (expiratory)  fibres  of  the 
trunk  was  increased.  Deep  injuries  to  the  pons ''cause  death  after  a 
few  respirations.  The  continuation  of  these  centres  lies  in  the  pons 
and  medulla.  Electrical  stimulation  of  the  vagi  in  the  neck  always 
causes  inspiration.     Even  after  removal  of  the  cerebrum  and  corpora 
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siriata  inspiiatoxy  eflfects  aro  piodnoed  through  eye  and  ear,  sensory 
nerves  of  skin,  and  certain  fibres  of  vagus ;  whilst  the  other  fibres  of 
the  vagus  are  inhibitory  and  expiratory,  and  so  are  those  of  the  trige- 
minus and  the  pathetic  fibres  of  other  sensory  nerves. 

2.  If  both  cerebral  hemispheres  and  the  corpora  striata  are  removed 
with  a  minimum  loss  of  blood,  although  the  carotids  are  not  ligatured, 
when  not  held,  the  rabbit  appears  like  an  animal  with  its  brain,  only 
it  falls  more  readily  into  sleep  (!).  When  it  awakens  spontaneously 
it  avoids  obstacles,  &c  This  condition  is  changed  at  once  whjn  a 
section  is  made  in  firont  of  the  corpora  quadrigemina  without  injury  of 
the  pons,  t.6.,  near  the  inspiratory  centre  of  the  third  ventricle.  The 
animal  lies  on  its  side ;  the  co-ordination  for  standing  and  locomotion 
is  abolished.  If  the  optic  thalami  and  anterior  layers  of  the  corpora 
quadrigemina  are  separated  it  is  scarcely  possible  to  discharge  a  reflex 
movement  by  mechanically  stimulating  the  extremities  or  trunk,  but 
it  is  easy  to  do  so  from  the  sensory  nerves  of  the  head  and  neck,  and 
from  the  trigeminus.  If  the  section  is  made  behind  the  corpora 
quadrigemina  the  rabbit  falls  in  opisthotonos ;  the  reflex  excitability 
of  the  head  and  neck  is  greatly  increased. 


On  thk  Effbotb  of  ANiESTHETics  ON  Different  Reflex 

Phenomena. 

Professor  Eulenberg  of  Greifswald  finds  that  during  the  narcosis 
produced  by  the  inhalation  of  various  anaesthetics  (rabbits,  dogs),  the 
reflex  excitability  of  the  skin  and  tendons  and  other  surfaces  varies. 

1.  Certain  anaBsthetics  {chloroform)  cause  at  first  a  rapid  temporary 
increase  of  individual  reflexes  (patellar  reflex),  then  diminution  and 
disappearance  of  the  reflex.  The  patellar  reflex  always  disappears 
sooner  than  the  corneal  reflex ;  while  on  cessation  of  narcosis  the 
corneal  reflex  always  returns  before  the  patellar.  In  man  the  nasal 
reflex  remains  longer  intact  than  the  corneal,  which  agrees  with  the 
observations  of  O.  Eosenbach  on  sleeping  children.  The  nasal  reflex 
disappears  only  in  deep  hypnosis. 

2.  Ether,  and  to  a  less  degree  aethyl  and  aetbylene  compounds,  often 
cause  an  enormous  increase  in  the  reflex  excitability  (tendon,  periosteal, 
patellar,  tibial,  and  foot  reflexes  in  rabbits),  and  this  condition  may 
last  much  longer  than  the  narcosis.  The  corneal  reflex  is  abolished 
relatively  late  in  ether  narcosis,  indeed  it  is  seldom  completely 
abolished. 

3.  The  doubtful  chlorine  compounds,  viz.,  aethyleiie  chloride, 
cethylidene  chloride,  methylene  chloride,  when  inhaled  by  rabbits  and 
dogs,  cause  diminution  (without  any  previous  increase)  of  the  reflex ; 
the  corneal  reflex  always  disappears  earlier  than  the  patellar,  whilst  the 
latter  always  returns  before  the  former. 

4.  Bromcethyl  acts  but  slowly,  if  at  all,  at  a  late  period  on  reflex 
action  ;  the  patellar  reflex  is  gradually  diminished  without  any 
previous  increase;  the  corneal  becomes  weak,  but  is  seldom  quite 
abolished. 
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It  is  obvious  that  the  reflex  apparatos  stands  in  ho  direct  relationship 
to  the  time  when  the  anaesthetic  affects  the  psycho-motor  and  sensory 
centrea  The  depth  of  the  narcosis,  the  extent  and  degree  of  the 
anaesthesia  are  not  proportional  to  the  condition  of  single  reflexes  or 
groups  of  reflexes. 

Hypnotics  and  sedatives  have  a  similar  action. 

MorpJda  ('5  grms.  subcutaneous  into  a  rabbit)  affects  the  reflex 
apparatus  slightly.  Chloral  hydrate  (1*25-1 '5  grms.  rabbit,  subcuta- 
neously)  on  the  whole  acts  like  chloroform,  but  without  initial  increase 
of  excitability,  the  patellar  reflex  disappears  gradually  in  advanced 
hypnosis,  whilst  the  corneal  in  non-lethaJ  doses,  although  weakened,  is 
often  present  Bromide  of  potassium  (1-2  grms.  rabbit)  at  first 
increases  the  patellar  reflex  and  then  diminishes  it.  Similar  actions 
are  possessed  by  chloral  bromide  and  quinine  bromide.  In  death  by 
asphyxia  the  corneal  reflex  usually  disappears  before  the  patellar,  and 
the  latter  usually  just  before  the  exophthalmos,  dilatation  of  the  pupil 
and  the  last  dyspnoeic  convulsiona     {GentraJblatt,  No.  6,  1881.) 


The  Influence  op  Nerves  on  the  Nutrition  op  the  Ybssbls 

AND  THE  Production  op  Aneurism. 

S.  Lewaschow  {Petersburg  Med.  Wochensch^  No.  31,  1880),  pro- 
ceeded on  the  assumption  of  Botkin.  as  the  result  of  clinical  experience, 
that  aneurisms  arise  from  nervous  influences.  A  ligature  moistened 
with  dilute  sulphuric  acid  was  drawn  through  the  sciatic  nerve  (cats 
and  dogs)  just  where  it  emerges  from  the  pelvis;  the  nerve  was  replaced 
a^d  the  wound  sewed  up.  This  operati(m  was  repeated  at  short  inter- 
vals, as  long  as  the  animal  lived,  on  parts  of  the  nerve  situated  imme- 
diately beyond,  t.e.,  peripherally  to  the  seat  of  former  experiment. 
In  some  animals  little  disturbance  took  place,  in  others  epileptic  con- 
vulsions came  on.  There  was  atrophy  of  the  thigh,  leg,  and  foot  of 
the  extremity  experimented  on ;  the  nerve  was  thickened,  red,  and 
united  to  the  surrounding  tissues  (this  occurs  very  frequently  when  a 
nerve  is  divided).  Swellings  of  moderate  size  were  found  in  the 
interior  of  the  vessels,  more  especially  where  branches  were  given  offl 


On  the  Eppbot  op  Stimulation  op  Sensory  Nerves  on  the 
Function  and  Nutrition  op  the  Heart. 

N.  P.  Bimanowskj  (Petersburg  Med.  Wochen.'No.  52, 1880,  Central- 
hlatty  No.  11,  1881),  proceeded  from  the  well-known  fact  that  a  biliary 
calculus  impacted  in  the  bile-duct  produces  amongst  other  symptoms 
a  change  in  the  action  of  the  heart  A  biliary  fistula  was  made  on  a 
dog,  and  the  gall  bladder  was  stimulated  by  an  induced  current  from 
a  Du  Bois'  induction  machine.  All  loss  of  bile  was  avoided,  and  fine 
electrodes  provided  with  ball  points  were  introduced  into  the  gall 
bladder.  Mere  contact  of  the  electrodes  with  the  mucous  membrane 
of  the  gall  bladder  produced  violent  pain,  and  when  the  electrodes 
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were  moved  within  the  gall  bladder  a  resistance  was  experienced,  very 
probably  due  to  contraction  of  its  muscular  coat  Weak  stimulation 
usually  increased  the  number  and  force  of  the  heart's  contractions, 
whilst  strong  currrents  diminished  the  frequency  and  in  addition  pro- 
duced arhythmie,  whilst  the  energy  at  one  time  increased,  at  another 
diminished ;  during  and  for  an  hour  after  the  stimulation,  the  tension 
ia  the  right  femoral  artery  seemed  to  be  greater  than  in  the  left  The 
frequency  of  the  respirations  and  the  rectal  temperature  were  increased 
by  strong  stimulation.  Several  minutes  after  the  stimulation  paraplegia 
was  observed.  The  blood-pressure,  as  measured  in  the  femoral  artery, 
was  in  direct  relation  with  the  strength  of  the  stimulus.  A  decided 
slowing  of  the  heart's  action  accompanied  the  increase  of  blood- 
pressure. 

When  the  terminations  of  the  vagus  in  the  heart  were  paralysed 
with  atropine,  stimulation  of  the  gall  bladder  increased  the  blood- 
pressure,  but  there  was  no  slowing  of  the  heart's  action,  while  the  in- 
creased pressure  did  not  occur  after  section  of  the  vagi. 

Stimulation  of  the  pelvis  of  the  kidney  with  an  electrical  current 
caused  increase  of  the  blood-pressure,  whilst  touching  or  compression 
of  the  kidney  caused  increase  of  blood-pressure  with  slowing  of  the 
heart-beat 


Ok  Apkosa. 

J.  Gad  {HoMlitaiumavorleaungen,  Wurzburg,  1880)  refers  especi- 
ally: to  two  of  the  phenomena  of  apnoea.  After  interruption  of  the 
artificial  respiration  the  blood  remains  bright  scarlet  in  colour  for 
some  time,  and  the  arterial  blood,  which  in  the  later  stage  of  the 
apnoea  does  not  contain  more  O  than  arterial  blood,  does  not  excite 
respiration  as  under  normal  circumstances.  With  regard  to  the  first 
point  one  can  convince  himself  that  the  blood  in  the  left  heart  of  a 
rabbit  becomes  venous  within  a  few  pulse-beats  after  the  respiration 
is  arrested  by  opening  the  thorax  and  inspecting  the  heart,  whilst  after 
copious  artificied  ventilation  it  remains  bright-coloured  for  a  longer 
time.  But  in  the  latter  case  of  continued  apnoea  the  blood  from  tiie 
beginning  returns  to  the  right  heart  in  a  venous  condition,  the  cause 
of  the  continued  arterial  coloration,  is  not  due  to  hyper-oxygenation 
of  the  blood,  but  is  due  to  the  fact  that  the  air  of  the  lungs  from  the 
artificial  ventilation  ia  better  fitted  to  arterialise  the  venous  blood  re- 
turning to  the  lungs.  That  the  arterial  blood,  which,  although  bright 
red,  contains  less  oxygen  than  would  cause  dyspnoea  under  ordinary 
circumstances,  begins  at  last  to  cause  respiratory  movements,  is  due  to 
the  mechanical  stimulation,  t.e.,  stretching  of  the  terminations  of  the 
vagus  in  the  lungs,  which,  acting  as  a  cumulative  after  effect,  produces 
a  diminution  of  tiie  excitability  of  the  inspiratory  centre.  This  is 
shown  by  the  following  experiment :  If,  after  copious  artificial  ven- 
tOation  of  the  lungs,  the  conduction  of  both  vagi  is  suddenly  arrested 
by  cooling  (under  0°)  the  apnoea  is  of  shorter  duration  than  in  similar 
experiments  with  intact  vagi  (CerUrcdblatfy  No.  5,  1881). 
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On  Cheyne-Stokes'  Phenomenon. 

O.  Sokolow  and  R  Luohsinger  {Pfiuger's  AreMv,  xxiiL  283)  find, 
when  frogs  are  inuneised  in  water  in  a  closed  vessel  until  complete 
paralysis  of  the  central  nervous  system  occurs,  on  being  placed  asides 
when  they  begin  to  recover  they  exhibit  a  periodicity  in  their  re- 
spiratory movements  resembling  the  Cheyne-Stokes'  phenomenon — 
groups  of  respirations  separated  from  each  other  by  long  pauses.  In 
each  group  the  intensity  of  the  single  respirations  increases  at  first 
and  continues  for  a  time^  and  then  falls  pretty  rapidly,  or  the  descend- 
ing part  of  the  attack  may  be  absent.  As  recovery  proceeded  the 
number  of  respirations  in  a  group  increased,  and  the  pauses  diminished. 
Cold  blood  animals  are  specially  suited  for  these  experiments  in  eon- 
sequence  of  their  tolerance  of  disturbances  of  the  circulation.  It  is 
possible  to  separate  changes  due  to  alterations  in  the  excitability  of 
the  medulla  oblongata  from  those  due  to  alterations  in  the  blood.  All 
that  is  required  is  to  interrupt  the  circulation  for  a  sufficient  time.  In 
this  way  it  is  possible  to  decide  whether  this  phenomenon  is  due  to 
periodic  alterations  of  the  excitability  of  the  respirat(»y  cenla« 
(Traube)  or  periodic  changes  in  the  stimulus  (Filehne).  The  easiest 
way  to  produce  temporary  paralysis  of  the  nervous  system  is  oecasion- 
ally  to  ligature  the  aorta.  The  experiments  proved  the  untenability 
of  Filehne's  theory,  for  (a)  during  the  apparent  death,  notwithstanding 
paralysis  of  the  chief  vaso-motor  centres  (section  of  spinal  cord  above 
the  brachial  plexus),  the  periodicity  of  respiration  continued ;  {h)  there 
was  no  change  in  the  blood-pressure  during  the  Cheyne-Stokes' 
phenomenon ;  (c)  the  phenomenon  occurred  also  during  asphyxia ;  (d) 
blood  and  circulation  of  the  blood  might  be  absent  (salt  frog),  and  the 
periodicity  of  the  respiration  continue.  The  phenomenon  does  not 
depend  on  the  integrity  of  the  vagL  They  ascribe  the  phenomenon  to 
the  respiratory  oentre  itself,  and  they  regard  "  the  increased  stimuli  and 
the  diminished  potential  energy  of  the  tissues*'  as  the  fundamental 
conditions  for  its  production.  The  phenomenon  is  furthered  in  mam- 
mals by  deep  narcosis  (morphium,  ether,  chloral),  for,  as  the  energy  dL 
the  respiratory  centre  diminishes,  a  dyspnoBic  condition  of  the  blood 
and  tissues  is  developed.  In  cold-blooded  animals  the  dyspnoeic 
stimulus  is  wanting,  but  it  can  be  supplied  by  stimulating  drugs 
(strychnin,  picrotoxin). 

It  is  to  be  remarked  that  other  organs  which  act  rhythmically  yield 
similar  '^  groups  " — ^lymph  hearts  of  frog  (Sokolow  and  Luchsinger) ; 
heart  of  frog  (Luciani,  Bossbach);  arhythmical  contractions  of  the 
heart  after  groatly  increased  intracardiac  pressure  (Heidenhain) ; 
rhythmical  contractions  of  medusa  (Steiner). 

The  pauses  are  explained  by  a  greater  exhaustion  of  the  organs — 
the  formation  of  groups  with  the  increase  and  diminution  of  the 
respirations  from  the  doctrine  of  the  "summation  of  stimuli''  The 
excitability  of  a  nervous  organ  increases  when  it  is  excited  to  aetioai 
after  a  period  of  rest,  but  fidls  when  it  continues  active  for  a  long  time 
(Sandera-£zn,  Stirling,  Kronecker,  and  Markwald  for  the  respiratory 
centre).     Ligature  of  the  aorta,  which  causes  periodic  respiratioiiAy 
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causes  a  lomg-oontinued  increafiing  sfcimulua  and  dyspnoea,  and  simul- 
taneously an  increasing  loss  of  potential  energy.  The  respiratory  ocintre 
is  exhausted  by  one  respinttion,  then  follows  a  long  pause.  Duxing 
this  period  the  potential  energy  rises,  and  therewith  an  increased  excit- 
ability, and  when  it  reaches  a  certain  amount  there  is  a  discharge-— after 
a  long  pause — a  respiration.  The  excitalnlity  of  the  centre,  however, 
is  thereby  increased,  and  the  next  respiration  made  more  easy,  the  follow- 
ing respirations  increase  in  intensity  until  the  potential  energy  of  the 
organ  is  at  last  exhausted;  the  single  respirations  decrease  in  force  and 
frequency,  and  thus  a  period  of  rest  occurs  suddenly,  which  pennits  of 
a  further  accumulation  of  energy.  The  periodicity  necessitates  the 
assumption  of  a  diminution  of  ti^e  nutrition,  especially  of  the  supply 
of  blood  containing  O.  With  good  nutrition,  where  in  the  unit  of  time 
as  much  potential  energy  is  transformed  as  ia  supplied,  the  rhythm 
depends  on  it.  The  authors  recognise  in  the  periodic  increase  and 
diminution  of  the  excitability  through  action  a  biological  law  of  the 
most  general  application  (Cerdralblattj  No.  9, 1881). 

On  thb  Digestion  of  Fat. 

TL  Cash  (ArcJi.  /.  Anaf.  u.  PhynoL  Physiol  Ahth.  323,  1880)  has 
made  under  Ludwig's  direction  some  most  important  experiments  on 
the  relative  part  taken  by  the  stomach  and  pancreas  in  the  digestion  of 
fat  Ever  since  the  time  of  Bernard  a  very  high  emulsifying  power 
has  been  ascribed  to  the  pancreas,  while  at  most  the  stomach  is  said 
to  digest  the  envelopes  of  the  fat-cells,  liberating  the  fat^  which  is 
further  acted  on  by  the  bile  and  pancreatic  juice. 

Gash  kept  a  dog  eighteen  hours  without  food,  then  fed  it  on  a  meal 
of  fat  and  stardt^  and  killed  it  four  hours  afterwards;  the  small 
intestine  was  ligatured  at  intervals  of  a  foot;  these  compartments  were 
opened,  their  reaction  tested,  and  their  contents  placed  in  beakers  for 
analysis.  The  reaction  of  the  same  intestine  from  pylorus  to  large 
intestine  was  acid  (contrary  to  the  usual  acceptation) ;  the  fat  was  in 
the  form  of  drops  or  globules  ;  an  emulsion  was  never  observed.  As 
the  lymphatics  contained  fat  in  the  form  of  an  emulsion,  it  is  obvious 
fat  can  be  absorbed  in  a  non-emulsionised  form. 

The  next  question  investigated  was  whether  decomposition  of  fat 
takes  place  in  the  small  intestine.  Perfectly  neutral  fat  was  used  In 
the  stomach  neutral  fat,  fatty  acids,  zsxdi  an  acid,  perhaps  lactic,  were 
found.  In  the  smaU  intestine  neutral  fat,  fatty  acids,  a  little  bile  acids, 
and  perhaps  lactic  acid ;  the  chyle — ^neutral  fat  and  fatty  acids.  Even 
in  a  dog,  whose  pancreatic  ducts  were  ligatured  several  days  before, 
the  thoracic  duct  contained  an  emulsion  after  feeding  with  fat  It 
seems  certain,  therefore,  that  fats  may  be  split  up  in  the  stomach,  and, 
in  fact,  artificial  digestion  of  fat  with  the  mucous  membrane  of 
the  stomach,  and  dilute  HCl,  yielded  a  small  quantity  of  fatty  acids. 

ExoBBiioN  OF  Urea. 
H»  Oppenheim   (Pjluger^s  Arckiv,  '}UL\ih  46)   has  investigated  the 
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amount  of  urea  excreted  uuder  Tarious  physiological  and  pathological 
conditions. 

1.  Normal  Condtticm. — On  a  diet  of  400  grms.  breads  300  grma 
flesh,  and  950  gnns.  milk,  the  excretion  of  area  within  four  days 
became  nearly  constant,  the  variations  being  on  an  average  about 
1  grm.  The  mean  of  seven  days  was  34*6  gnns.  «=  16*2  N.  In  the 
faeces  1*1  grm.  N  was  given  ofi^  giving  17*3  grms.  against  18*9  grm& 
taken  in  with  the  food. 

2.  Distribution  of  Urea  during  ike  day;  the  amount  of  Urea 
excreted  depends  on  the  time  of  taking  albwminousfood, — In  twenty-four 
hours  34*80  grms.  were  excreted,  t.^.,  1  *45  grms.  per  hour.  In  the  first 
four  hours  after  dinner  (mid-day)  *24  grms.  per  hour  above  this 
average  was  excreted ;  in  the  following  four  hours,  during  which  food 
poor  in  albumin  was  taken,  the  increase  reached  *54  grms.  per  hour ; 
during  night  the  hourly  excretion  fell  below  the  mean,  and  also  in  the 
morning. 

3.  Commencijig  Hunger, — During  a  day  of  fasting  23*91  grms.  were 
excreted,  i.c.,  10-11  per  cent.  less.     The  weight  fell  1  kilo. 

4.  Large  quantity  of  Water. — Four  litres  of  water  in  twenty-four 
hours  increased  the  water  3000  cc.,  and  the  urea  5  grms. ;  the  2  litres 
taken  after  dinner  increased  the  urea  within  the  first  four  hours  to 
6  grms. ;  later  there  was  a  diminution. 

5.  Coffee. — ^When  a  decoction  of  41  grms.  cofiee  was  taken  the 
urea  was  31*97  grm& ;  and  when  no  coffee  was  taken  on  two  days, 
33*21  and  33*60  grms.  The  difference,  however,  was  compensated  by 
a  higher  proportion  of  N  in  the  f aecea 

6.  Quinine. — With  2  grms.  quinine  the  urea  was  increased  4  grms. 

7.  Sweating, — Injection  of  *02  grms.  of  pilocarpin  caused  sweating, 
and  the  observer  had  to  drink  500  cc.  more  than  usual  There  was 
no  change  either  in  the  total  quantity  or  periods  of  urea  excretion. 

8.  Muscular  Exertion. — The  usual  view  is  that  during  muscular 
exercise  non-nitrogenous  substances  are  used  up,  and  the  nitrogenous 
are  only  used  when  there  is  a  deficiency  of  non-nitrogenous  substances 
in  the  body  (Kellner),  so  that  usually  muscular  exercise  does  not  cause 
an  increase  of  urea.  The  author  is  of  opinion  that  an  important  factor 
has  hitherto  been  omitted,  viz.,  the  dyspnoea  during  muscular  ex^cise. 
A.  Frankel's  experiments  showed  that  diminished  supply  of  O  caused 
an  increased  decomposition  of  albumin,  and  it  is  possible  that  in 
certain  cases  the  action  of  dyspnoea  aids  this,  and  the  author  finds  that 
when  muscular  exercise  is  taken  so  as  to  develope  dyspnoea  (climbing  a 
hill)  the  amount  of  area  is  increased  3-5  grma — (From  Salkows^'s 
Report). 

Experimental  Researches  on  Polyuria. 

R  Moutard-Martin  and  C.  Richet  (Arch  dephyeiol  norm.  L,  1881 ; 
CentraZblattf  1881)  investigated  the  action  of  several  substances  on 
the  secretion  of  urine  in  dogs  when  injected  into  the  blood.  The 
abdomen  was  opened,  the  ureters  exposed,  a  T  cannula  was  introduced 
into  them,  and  the  amount  of  urine  secreted  noted. 
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InjeeHon  of  luke-toarm  footer  in  very  small  amount  had  no  effect ; 
5-20  grm&  per  kilo,  weight  of  animal  slowed,  and  30  gnxxB.  and  more 
stopped  the  secretion.  The  slowing  effect  was  more  noticeable  when 
the  secretion  was  previously  increased  by  other  substances.  The 
secretion  in  the  intestine  was  not  increased,  but  was  markedly  so  by 
the  iiyection  of  sugar.    The  urine  after  water-injection  was  bloody. 

Sugar  (cane — ^invert — grape — ^milk,  to  1  grm.  or  more  per  kilo,  of 
dog)  produced  great  polyuria  with  glycosuria,  but  there  was  no  blood 
or  albumin  in  the  urine.  Belatively  the  amount  of  urea  was  less,  but 
absolutely  greater.  Dextrin  increases  the  urine.  The  bile  and  succus 
entericus  were  also  greatly  increased  by  sugar  and  dextrin,  and  both 
substances  were  found  in  the  intestine. 

Glycerine  (in  small  amount),  urea,  urine,  phosphate  of  soda,  ferro- 
cyanide  of  potassium,  iodide  of  potassium,  chloride  of  sodium  (4-8 
centigrammes  per  kilo),  also  increase  the  urine,  but  NaCl  causes 
bloody  arine.  The  increased  secretion  began  when  the  substance 
iiyected  began  to  be  excreted. 

Gum  diminished  or  abolished  secretion,  and  the  blood-pressure 
became  very  high,  while  the  above  substances  acted  with  a  normal  or 
abnormally  low  pressure. 


^nat0miixal  "^otutB. 


NEW  RESEARCHES  ON  THE  DEEP  ORIGIN  OF  THE 
GLOSSO-PHARYNGEAL,  AUDITORY,  FACIAL,  ABDU- 
CENT, AND  TRIGEMINAL  NERVES.  By  Laura  Giovanni 
Battista  (Mefn.  ddla  BecUe  Acad,  ddle  Scienze  di  Torino,  1879, 
and  Proc  Intertudional  Medical  Confess,  1881). 

1.  The  cells  of  the  hypog^oesal  nucleus  are  provided  with  processes 
which  pass  iiito  the  roots  of  the  nerve. 

2.  The  fibres  of  the  hypoglossal  nerve  that  appear  to  arise  from  the 
raph^  really  spring  from  cells  interposed  between  the  raph^  and  the 
roots  of  the  nervct 

3.  The  cells  grouped  along  the  roots  and  in  front  of  the  nucleus  of 
the  hypoglossal  nerve  (the  anterior  accessory  hypoglossal  nucleus  of 
Duval)  send  their  nervous  processes  outwards  and  backwards ;  only  in 
a  few  cases  could  I  demonstrate  processes  sent  forwards  along  the  root. 

4.  The  cells  of  the  nucleus  ambtguus,  Krause  (the  anterior  accessory 
nucleus  of  the  pneumogastric,  Meynert)  send  their  nervous  processes 
inwards  and  backwards  as  far  as  the  nucleus  of  the  pneumogastric ; 
they  do  not,  however,  then  turn  outwards  in  the  roots  of  this  nerve, 
but,  on  the  contrary,  turn  inwards,  forming  the  marginal  fasciculus, 
which  is  found  in  front  of  the  hypoglossal  nucleus. 

5.  The  nucleus  ambiguus  has  an  extent  in  the  medulla  equal  to  that 
of  the  classical  nucleus  of  the  hypoglossal,  and  is  probably  to  be 
regarded  as  an  accessory  nucleus  of  that  nerve. 

6.  In  front  of  the  roots  of  the  pneumogastric  nerve  are  large 
scattered  cells  which  send  their  nervous  processes,  not  into  the  roots, 
but  forwards  between  the  fibres  of  the  white  lateral  column. 

7.  The  cells  of  the  so-called  external  auditory  nucleus  send  their 
processes,  not  into  the  roots,  but  inwards  and  forwards  into  lac|^ 
fasciculi,  which  cross  the  facial  nerve  and  go  towards  the  raph& 

8.  The  cells  of  the  facial,  abducent,  and  trigeminal  nuclei  are  pro- 
vided with  processes  which  pass  into  the  respective  nerve-roots. 

9.  As  to  the  small  cells  of  the  gelatinous  substance  of  Rolando, 
enclosed  by  the  ascending  root  of  the  trigeminal  nerve,  my  researches 
have  given  negative  results ;  but  I  have  demonstrated  that  the  middle- 
sized  cells  found  here  send  their  processes  inwards,  and  never  into  the 
root 

10.  In  the  whole  medulla  oblongata,  from  the  glosso-pharyngeal  to 
the  trigeminal  nerve,  there  occur  very  large  scattered  cells,  which  send 
their  processes  towards  the  raph6  and  backwards.  I  could  never 
follow  them  into  the  roots  of  any  of  the  cranial  nerves,  as  described  by 
Meynert 
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ON  THE  RELATIONS  OF  THE  iTUCLEXifS  TiENIiEFOBMIS 
WITH  THE  OLFACTORY  NERVE.     By  Pbopwsob  Rah- 

DACIO. 

(Pfoc,  IntemoHonal  Medical  Congress ,  1881 J 

1.  The  claufitrum  (nucleus  tsniasfoTmis)  is  of  very  various  forms, 
bat  in  general  follows  the  undulations  of  the  Island  of  Reil,  and  may 
be  compared  with  the  squamous  portion  of  the  temporal  bone  of  a 
foetus  presenting  a  spur  in  the  position  which  would  correspond  with 
the  zygomatic  apophysis,  It  often  passes,  in  part  into  the  cortical 
substance  of  the  narrow  conyolutions  of  the  island,  together  with  the 
grey  matter  of  the  inferior  frontal  convolution,  of  the  upper  temporal 
and  with  the  lenticular  nucleus,  excepting  where  this  presents  its 
caudate  extremity  in  zigzag  (cauda  nigra),  which  disappears  on  the 
outer  side  of  the  capsule  of  the  pes  hippocampi,  and  which,  as  well 
as  the  spur,  seems  not  to  have  been  previously  observed  by  others. 

2.  The  elements  of  the  daustrum  are  identical  in  shape  with  those 
of  the  fifth  layer  of  the  island  as  observed  in  part  by  Meynert,  but 
the  fresh  cells  are  furnished  with  a  granular  protoplasm  containing  a 
large  nucleus  with  a  nucleolus^  This  nucleus  separates  very  easily, 
and  is  furnished  with  one  or  two  poles  continuous  with  nerve  fibres, 
as  observed  by  Luys. 

3.  The  daustrum  and  amygdala  may  be  taken  as  two  points  of 
concentration  for  olfactory  impressions,  to  which  is  annexed  another 
grey  body,  which  I  term  the  '<  hood  of  the  amygdala,"  and  which 
has,  I  believe,  up  to  the  present  not  been  described. 

4.  The  external  and  median  fibres  converging  to  the  above-stated 
points  (like  appendages)  follow  the  course  of  the  afferent  fibres,  whilst 
they  emerge  as  efferent  fibres  to  pass  into  the  cortical  substance  at  the 
origin  of  the  temporo-sphenoidid  convolution,  the  seat  of  olfactory 
perception. 

5.  From  this  centre  the  nervous  fibrils  spread  in  different  directions, 
thus : — ^the  most  superficial  join  the  commissure  and  arrive  at  the 
posterior  extremity  of  the  corpus  callosum.  The  deeper,  if  they  do 
not  form,  join  the  taenia  semicircularis  on  one  side  as  far  as  the  acies, 
and  the  posterior  pillars  of  the  fornix,  on  the  other  side,  and  so  con- 
tinuing together  into  the  anterior  pillars,  they  recurve  in  the  corpora 
albicantia  to  pass  into  the  cerebral  peduncle,  and  from  this  point  to 
the  pons  Varolii,  imtil  they  return  as  far  as  the  funiculi  siliquae  in 
company  with  the  facial  rather  further  back  than  the  glosso-pharyngeal 
or  trigeminal,  in  the  medulla  oblongata,  where  the  respective  nuclei 
of  these  nerves  are  found. 

6.  There  are  some  cases  in  which,  on  the  one  side  or  the  other,  one 
may  see  in  the  rostrum  of  the  corpus  callosum,  some  bundles  of  the 
median  and  external  roote  of  the  olfactory  nerve,  and  sometimes  joined 
to  the  striffi  of  LancisL  This  is  what  is  found  in  many  Mammalia, 
especially  in  the  seaL 

Contrary  to  the  assertions  of  Luys,  we  must  remember  that  the 
anterior  nucleus  of  the  optic  thalamus  has  no  connection  with  the 
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aboYe-named  olfactory  loota  ^1)  because  the  connection  of  the  fibres 
is  not  in  any  way  proved ;  (2)  because  in  a  recent  case  of  glioma  in 
the  third  ventricle,  not  long  ago  diagnosed  by  Professor  Federici,  the 
perception  of  smell  still  existed  in  spite  of  the  compression  and  partial 
atrophy  of  the  optic  thalamus,  with  destruction  of  the  greater  portion 
of  the  inferior  layer,  and  of  the  crust  of  the  left  cerebral  peduncle. 

In  the  same  way,  despite  the  opinion  of  Li^ys,  the  internal  root  of 
the  olfactory  nerve  has  not  its  nucleus  in  the  septum  lucidum,  for  in 
two  cases  where  this  septum  was  missing,  the  sense  of  smell  was 
unimpaired. 

8.  From  the  above-mentioned  anatomical  facts,  you  may  deduce 
that  the  psychical  centre  of  the  olfactory  sense  resides  in  the  **  origin  " 
of  the  temporo-sphenoidal  convolution,  in  the  region  of  the  gyms 
hippocampi  In  this  the  researches  of  Ferrier  find  their  principal 
support. 
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OBSERVATIONS  ON  THE  HISTOLOGY  OF  FEACTUEE 
EEPAIB  IN  MAN.  By  J.  Gbeig  Smith,  M.A.,  ^Surgeon 
to  the  Bristol  Royal  Infirmary.    (Plates  VI.  and  VII.) 

In  1853  Sir  James  Paget  wrote^ — ''  I  cannot  tell  the  conditions 
which  will  determine  in  each  case  the  route  of  development 
towards  bone  that  the  reparative  material  (in  fractures)  will 
take,  nor  in  what  measure  the  differences  that  may  be  observed 
are  to  be  ascribed  to  the  seat  or  nature  of  the  injury,  or  to  the 
coDditions  of  the  patient.  All  these  things  have  yet  to  be  de< 
termined ;  and  I  believe  that  years  of  patient  and  well-directed 
investigation  will  be  requisite  for  them." 

The  state  of  our  knowledge  on  this  subject  is  to-day  but  little 
advanced  from  what  it  was  thirty  years  ago.  Opportunities  of 
studying  the  repair  of  fractures  in  man  are  so  rare,  and  the 
modes  of  preparing  the  tissues  for  histological  examination  are 
so  tedious  and  troublesome,  that  it  is  not  surprising  that  few 
have  directed  close  or  prolonged  attention  to  the  subject  Such 
investigations  as  have  been  recorded  refer  almost  entirely  to 
fractures  in  the  lower  animals,  which,  as  Sir  James  Paget  has 
pointed  out,  but  others  seem  to  have  forgotten,  are  to  be  taken 
only  in  a  limited  sense  as  illustrative  of  the  process  of  fracture 
repair  in  man. 

Proposing  to  myself  the  line  of  inquiry  suggested  in  the 
above  quotation,  I  have,  during  the  past  three  yeaxs,  made  care- 
ful studies  of  all  the  cases  of  uniting  fracture  which  have  come 
into  the  dead-house  of  the  Bristol  Infirmary.  Those  cases  of 
fracture,  numerous  in  every  large  accident  hospital,  which  are 
caused  by  severe  crushes  or  falls,  and  in  which  death  takes  place 

^  Lectures  on  Surgical  Pathology^  vol.  i.  p.  244. 
VOIi.  XVI,  1/ 
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in  a  few  days  from  shock  or  other  complications,  are  excluded 
from  the  list.  Such  cases,  though  they  have  their  value  as 
illustrating  the  very  first  changes  common  to  all  fractures,  are 
of  little  use  towards  the  study  of  special  features  of  bone  repair. 
A  few  specim^is  of  fracture  of  from  three  to  five  days'  standing 
(three  of  ribs,  one  of  humerus,  one  of  thigh,  two  of  radius,  and 
one  of  spine)  were  examined,  with  special  reference  to  the 
amount  and  condition  of  the  effiised  blood.  These  presented  no 
peculiar  features,  and  need  not  be  more  particularly  referred  to. 
The  cases  which  were  fully  studied,  and  from  which  the  material 
for  the  following  paper  was  chiefly  drawn,  must  be  separately 
described.    They  were — 

1.  A  museum  preparation,  injected,  of  a  simple  fracture  of  the 
femur  of  a  child  a  year  old.  This  preparation  had  been  mounted 
for  some  years  in  spirit,  with  simply  the  soft  tissues  removed. 
When  bisected  longitudinally  it  proved  to  be  a  beautiful  speci- 
men, showing  ensheathing  and  intermediate  callus  in  the  most 
perfect  manner.  There  was  scarcely  any  displacement,  and  the 
ensheathing  callus,  of  spongy  porous  bone  with  its  trabecule 
arranged  perpendicularly  to  the  surface  of  the  shaft,  was  of  a 
regular  ovoid  shape.  The  intermediate  callus  was  only  partially 
infiltrated  with  bone  salts.  The  specimen  is  a  typical  one  of  the 
normal  mode  of  repair  as  seen  in  fractures  in  the  lower  animals, 
and  fuUy  bears  out  Sir  J.  Paget's  supposition  that  in  fractures  of 
long  bones  in  young  children  the  process  of  repair  is  "  very  like 
that  described  from  the  experiments  on  animals."  Half  the 
section  was  used  up  for  microscopic  study,  but  the  soft  tissues, 
from  prolonged  soaking  in  spirit,  were  not  in  good  preservation. 

2.  An  oblique  fracture  of  the  tibia,  extending  into  the  ankle 
joint,  in  a  man  aged  thirty-six,  who  died  on  the  ninth  day  of 
delirium  tremens.  There  was  double  comminution  of  the  frag- 
ments, and  the  periosteum  was  completely  torn  through,  except 
over  a  portion  of  the  smallest  fragment  The  fissures  were  filled 
with  blood-clot  in  various  stages  of  transformation.  The  speci- 
men was  valuable  also  as  showing  an  early  stage  of  periosteal 
inflammation,  and  the  first  beginnings  of  calcification  in  the 
powerful  ligament  which  unites  the  lower  extremities  of  the  tibia 
and  fibula.  For  this  specimen  I  am  indebted  to  the  courtesy  of 
Mr  Pickering,  house  surgeon  to  the  Bristol  General  HospitaL 
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3.  A  case  of  simple  fracture  of  the  femur  in  a  man  aged 
sixty-one,  who  died  of  an  acute  attack  of  erysipelas  twenty-one 
days  after  receipt  of  the  injury.  The  fracture  was  moderately 
oblique,  and  there  was  overlapping  to  the  extent  of  about  an 
iacfa,  as  well  as  some  rotatory  displacement  of  the  fragments. 
The  exposed  medullary  canal  was,  in  each  fragment,  plugged 
with  partially  decolorised  blood-clot,  and  a  mass  of  brownish 
red  clot  lay  at  a  little  distance  from  the  line  of  fracture  in  the 
sodden  and  condensed  muscular  tissue.  Blood  extravasations  in 
various  stages  of  decolorisation  extended  for  several  inches  above 
and  below  the  line  of  fracture  into  the  various  muscular  septa. 
The  periosteum  was  everywhere  completely  torn  through  except 
where  it  covered  the  linea  aspera ;  and  here  it  remained  intact, 
stretched  between  the  displaced  fragments,  enormously  thick- 
ened, and  traversed  by  several  spicules  of  calcified  material 
Tracts  of  cartilaginous-looking  substance  ran  in  various  direc- 
tions through  the  coDdensed  tissues  surrounding  the  fracture;  at 
many  points  these  tracts  were  impregnated  with  calcareous  salts. 

4.  A  case  of  fracture  of  the  body  of  a  lower  dorssJ  vertebra  in 
a  man  aged  thirty,  who  died,  a  month  after  the  accident,  from 
injury  to  the  spinal  cord  A  wedge-shaped  portion  of  the  body 
had  been  pushed  backwards,  leaving  a  gap  between  the  upper 
and  the  lower  fragments  of  the  vertebra,  which  was  filled  with 
organised  blood-clot.  New  bone,  developed  chiefly  in  the  ligamen- 
tous tissues  overlying  the  vertebrse,  had  almost  completely  filled 
up  the  irregularities  produced  by  the  displacement  of  the  com- 
minuted fragment.  Very  little  change,  beyond  a  slight  condens- 
ation, had  taken  place  in  the  cancellated  bone  through  which 
the  fissures  extended. 

5.  A  compound  fracture  of  the  tibia  and  fibula  in  a  man  aged 
thirty-five.  The  limb  was  amputated  on  the  twenty-second  day, 
on  account  of  extensive  sloughing  of  the  soft  parts  on  the  front 
of  the  leg.  The  case  w£U3  treated  antisepticaUy,  the  temperature 
being  normal,  and  the  slough  being  absolutely  free  from  odour 
throughout.  The  front  of  the  tibia  Was  denuded  for  3  inches 
above  and  2  inches  below  the  line  of  fracture ;  and  here  there 
was  no  sign  of  callus  material  There  was  a  considerable  de- 
velopment of  reparative  material  between  the  two  bones,  and  a 
small  amount  of  the  same  behind  the  tibia.    The  material 
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surrounding  the  fibula  afforded  many  admirable  specimens  of 
the  process  of  repair.  This  preparation  had  a  practical  as  well 
as  a  pathological  interest,  proving  that  under  antiseptics  at  least 
we  may  get  a  compound  fracture  repaired  in  the  same  way  as  a 
simple  fracture,  and  not  necessarily,  as  Dupuytren  and  others 
supposed,  through  the  medium  of  granulation  tissue  only.  But 
such  a  proof  is,  in  these  days,  almost  superfluous. 

6.  A  simple  fracture  of  the  tibia  and  fibula  in  a  woman  aged 
forty,  who  died  of  an  attack  of  acute  bronchitis  twenty-five  days 
after  the  accident.  This  was  a  typical  case  of  repair,  there 
being  no  comminution  and  little  displacement.  Except  in  the 
exposed  meduUary  canals,  where  there  were  some  remains  of 
partially  decolorised  clot,  all  appearances  of  blood-extravasation 
had  disappeared.  The  reparative  material,  fibrous,  cartilaginous, 
and  in  parts  bony,  surrounded  and  glued  together  the  severed 
extremities. 

7.  An  intra-capsular  fracture  of  the  neck  of  the  femur  in  a 
woman  aged  sixty-one,  who  died  of  bronchitis  four  weeks  after 
the  accident  The  fracture  was  close  to  the  head  of  the  femur, 
and  traversed  the  neck  in  a  plane  at  right  angles  to  its  axis. 
The  crevices  in  the  spongy  bone  were  filled  with  partially 
organised  blood-clot.  On  the  upper  aspect  a  bridge  of  fibro- 
cartilage  united  the  fragments,  in  the  substance  of  which,  but 
not  continuous  with  the  old  bone,  was  a  nodule  of  calcified 
tissue  about  the  size  of  a  pea. 

9.  A  case  of  fracture  of  an  upper  dorsal  vertebra  in  a  man 
aged  twenty-five,  who  died  of  disease  of  the  cord  eleven  months 
after  the  injury.  A  fracture  very  similar  to  that  in  case  4  was 
found  perfectly  united  by  the  development  of  osseous  material 
in  the  overlying  ligamentous  tissues.  There  was  thickening  of 
the  bony  trabeculse  along  the  lines  of  fracture,  and  partial 
calcification  of  the  adjacent  intervertebral  fibro-cartilages. 

10.  A  wet  preparation  in  the  Infirmary  museum  of  a  fractured 
femur  in  the  adult  afforded  some  good  specimens  of  callus  calci- 
fication, but  was  not  fully  examined. 

Each  of  these  specimens  was  prepared  in  various  ways. 
Portions  of  the  surrounding  soft  tissues,  in  which  it  was  im- 
portant to  preserve  the  first  appearances  of  calcification,  were  cut 
off  and  hardened  in  Muller's  fluid,  or  in  spirit.    For  decalcifica- 
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tion,  chromic  acid  and  various  mixtures  with  nitric,  hydrochloric, 
and  picric  acids,  were  used,  parts  of  each  being  prepared  in 
several  ways  for  comparison.  On  the  whole,  the  specimens  pre- 
pared in  a  mixture  of  chromic  and  nitric  acids  were  the  best 
Blood-clot  hardens  admirably  in  a  two  per  cent,  solution  of 
chromic  acid. 

These  specimens,  though  small  in  number,  may  be  taken  as 
fairiy  illustrative  of  the  mode  of  fracture  repair  in  man  as  it 
occurs  under  the  direction  of  the  surgeon.  And  this,  I  take  it, 
IB  what- medical  men,  practically  concerned  in  the  treatment  of 
injuries,  chiefly  desire.  In  its  legitimate  position  qb  a  branch  of 
comparative  histology,  the  study  of  fracture  repair  in  rabbits, 
dogs,  cats,  frogs,  &c.  has  been  of  extreme  value  to  the  surgeon. 
But  these  studies  in  comparative  histology  have  not  retained 
their  true  position.  In  most  works  the  repair  of  fractures  in 
man  is  described  as  a  heterogeneous  generalisation  of  the  varieties 
observed  by  various  experimenters  on  different  animals ;  and, 
with  the  material  at  hand,  perhaps  this  was  the  best  that  could 
be  done.  The  following  paper  is  offered  as  a  contribution 
towards  the  placing  of  our  knowledge  of  the  repair  of  fractures 
in  man  on  an  independent  footing.  Many  links  in  the  chain  of 
events  are  unavoidably  missing ;  it  is  only  in  an  imperfect  way 
that  the  appearances  in  one  case  complete  the  history  of  the 
changes  in  another.  Particularly  have  I  to  regret  this  in  the 
case  of  blood-clot,  which  in  these  times  has  come  to  possess  a 
high  interest  in, surgical  pathology. 

The  development  of  the  uniting  medium  in  broken  bones  in 
man  takes  place  in  parts  which  are  usually  kept  at  perfect  rest. 
We  use  every  means  to  minimise  the  inflammatory  process ; 
but,  under  varying  circumstances  of  injury  at  the  time  of,  or 
unrest  after  the  accident,  we  may  get  every  grade  of  inflamma- 
tion up  to  strangulation  and  sloughing.  In  children  a  moderate 
amount  of  movement,  coupled  with  mechanical  elasticity  and 
active  nutritive  changes,  may  give  us  a  mode  of  repair  simulat- 
ing  that  in  the  lower  animals.  Another  variety  may  be  seen  in  a 
fractured  rib,  where  the  periosteum  is  lacerated  on  one  side  and 
entire  on  the  other,  and  where,  also,  there  is  always  a  certain 
amount  of  limited  but  continuous  movement.  The  most  com- 
mon form  of  fracture  is  seen  in  the  long  bones  of  an  adult,  kept 
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at  more  or  less  perfect  rest,  and,  so  far  at  least  as  surgical 
pathology  is  concerned,  we  must  look  upon  these  as  our  most 
important  fields  for  study.  In  most  of  these  the  periosteum  is 
completely  torn  through,  and  the  harassed  question  of  sub- 
periosteal callus  is  at  onee  rendered  subordinate.  The  displace- 
ment in  man  is  measured  by  the  inch,  where  in  the  lower 
animals  usually  experimented  upon,  it  would  be  reckoned  per- 
haps by  the  line.  The  elements  of  repair  in  ultimate  size  and 
strength  are  identical ;  and  the  problem  has  to  be  solved,  as  an 
engineering  one  would  be  where  a  different  strength  on  a  different 
scale  of  magnitude  has  to  be  secured  with  a  similar  material. 
All  these  conditions  involve  an  endless  variety  in  fracture 
repair.  Ultimately,  however,  the  whole  study  resolves  itself 
into  the  capabilities  of  the  various  tissues  surrounding  a  fracture, 
to  develope  new  bone.  In  each  individualised  tissue  there  is  a 
certain  course  of  events  which,  within  certain  definable  limits, 
will  be  constant.  In  the  pulpy  coherent  mass  which  surrounds 
the  fractured  ends  we  can  recognise  the  fibres  of  periosteum, 
muscle,  and  areolar  tissue,  traversed  perhaps  by  tendons  and 
vessels  and  nerves,  and  bound  closely  together  by  coagulated  blood 
and  inflammatory  exudation.  Boughly  speaking,  this  is  the 
matrix  in  which  the  bony  reparative  material  is  to  be  developed. 
New  embryonic  tissue  is  introduced ;  old  tissues  are  inflamed, 
and  revert  in  varying  degrees  to  their  embryonic  types  of 
structure ;  and,  generally,  where  any  special  function  is  resident 
in  a  tissue,  we  shall  have  exaggerated  display  of  that  function. 
The  question  is  thus  a  double  one — ^the  degree  of  conversion  to 
embryonic  form  which  a  tissue  will  undergo ;  and  the  amount 
of  ossification  or  calcification  which  it  will  tolerate.  In  each 
fracture  these  degrees  or  amounts  will  vary^  the  changes  in  one 
stopping  short  of  what  they  will  reach  in  another.  The  descrip- 
tions will  be  given  as  if  the  process  were  completed  in  every 
instance  for  each  tissue. 

Blood-Clot — The  first  question  relates  to  the  disposal  of  the 
blood  which,  in  varying  amount,  is  poured  out  into  the  bruised 
and  lacerated  tissues.  Hunter  thought  that  all  callus  material 
was  derived  from  blood-clot.  Amesbury  and  Dupuytren  de- 
scribed it  as  becoming  firm,  coherent,  and  ultimately  organised 
in  the  exposed  medullary  canals  and  between  the  separated 
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fragments.  Paget  says  that  blood-clot  may  organise  in  fractures, 
but  that,  as  a  rule,  it  completely  disappears,  to  be  replaced  by 
the  material  fibrous,  fibro-cartilaginous,  and  cellular,  in  which 
the  new  bone  is  to  be  developed.  Billroth  leaves  it  an  open 
question  whether  it  is  entirely  re-absorbed  or  becomes  partly 
organised. 

Undoubtedly,  especially  where  the  extravasation  is  abundant, 
a  great  portion  of  the  blood  is  absorbed,  and  in  no  way  helps 
repair;  but  it  is  equally  true  that,  in  certain  positions  and 
under  certain  conditions,  not  only  does  blood-clot  become  fully 
oiganised,  but  it  may  serve  as  a  nidus  or  parent  tissue  in  which 
the  new  bone  is  developed.  Under  certain  circumstances,  as  we 
shall  see,  it  may  be  the  most  important  means  of  repair  in  the 
fracture. 

Objection  has  been  taken  to  the  term  "  clot  organisation."  Of 
course  blood-clot  does  not  exist  in  the  organism  as  a  permanent 
tissue,  and  in  this  strict  sense  the  term  is  a  misnomer.  But  it 
is  certainly  true  that  clot  may  exist  in  the  body  over  a  period 
of  time  and  under  conditions  of  vitality  which  justify  its  eleva- 
tion for  the  time  to  the  dignity  of  an  independent  tissue.  In 
this  sense  the  term  "  organisation,"  in  default  of  a  better,  may 
be  admissible.  A  further  justification  of  the  use  of  the  term 
will  be  given  in  the  sequel,  when  its  peculiarities  as  a  specialised 
tissue  will  be  described. 

Blood-clot  is  an  unstable  structure,  very  prone  to  become 
disorganised  or  absorbed.  "What  conditions  determine  the  per- 
manency of  clot  in  fractures  ?  It  would  appear  that  perfect  rest 
at  least  is  necessary  to  clot  organisation.  It  is  found  most 
constantly  in  protected  positions — filling  up  the  jagged  hollows 
in  the  fractured  bones,  plugging  the  medullary  openings,  and 
occupying  the  spaces  between  comminuted  fragments.  In  these 
positions  it  is  more  or  less  perfectly  protected  from  muscular 
and  other  movements.  In  fissured  and  impacted  fractures  I 
have  always  found  it  present  It  is  a  matter  of  practical 
experience  in  antiseptic  surgery  that  rest  is  necessary  to  clot 
organisation.  Bough  handling,  or  a  momentary  separation  of  the 
clot  from  the  outlying  tissues,  is  enough  to  cause  subsequent 
disintegration.  It  is  always  easier  to  get  a  clot  to  organise 
inside  a  bony  cavity  than  in  soft  tissues.     Once  the  clot  sub- 
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stance  is  disturbed  it  is  very  unlikely  to  recover  itself.  One 
reason  why  fractures  of  the  neck  of  the  femur  so  seldom  unite, 
I  believe  to  be  that  the  clot  between  the  fragments,  which  is  the 
only  medium  available  for  union,  crannot  be  kept  at  rest,  but  is 
rubbed  off  and  broken  down.  In  a  fractured  vertebra  or  skull 
bone  there  is  little  movement,  and  union  will  in  time  take 
place. 

It  would  seem  also  that  a  moderate  and  not  excessive  degree 
of  vascularity  in  the  surrounding  tissues  is  necessary  for  clot 
survival.  In  fractures,  one  reason  why  we  find  clot  oi^anising 
by  preference  over  the  bones  and  not  in  the  soft  tissues  may  be 
that  the  bone  is  not  so  vascular.  The  process  of  revascularisa- 
tion is  necessarily  much  more  tedious  in  bone  than  in  the  soft 
tissues ;  the  areas  available  are  smaller,  and  the  formation  of 
new  vascular  channels  slower.  So  we  find  it  in  practical 
surgery.  In  a  bad  case  of  excision  of  the  elbow  under  my 
care,  I  tried  to  fill  a  large  abscess  cavity  over  the  joint  with 
blood-clot,  so  that  a  greater  amount  of  new  tissue  less  likely  to 
form  contractile  cicatrix  might  be  left  to  cover  the  new  joint 
The  clot  organised  and  bled  on  scratching  on  the  fourth  day ; 
but,  as  inflammation  came  on  in  the  surrounding  abscess  wall, 
the  periphery  of  the  clot  broke  down  while  the  central  mass  lived 
and  became  decolorised.  It  was  only  after  the  clot  became  fully 
vascularised  that  it  united  with  the  surrounding  tissues,  and  this 
it  did  by  granulation.  It  is  also  a  matter  of  experience  that  we 
are  not  likely  to  get  clot  organisation  inside  a  cavity  that  has 
been  scraped  or  washed  out  with  a  powerful  chemical  fluid — ^that 
is  where  the  resulting  inflammation  is  intense.  Generally  speak- 
ing, in  simple  aseptic  wounds  which  heal  without  irritation,  there 
can  be  no  doubt  that  the  uniting  medium  is  blood-clot  rather 
than  "  coagulable  lymph." 

We  may  therefore  say,  with  some  degree  of  confidence,  that 
where  blood-clot  is  most  perfectly  protected  from  mechanical 
disturbance,  and  where  it  is  least  liable  to  be  invaded  by 
excessive  vascularisation  from  the  surrounding  tissues,  there  it 
is  most  likely  to  survive  and  become  organised.  It  need  scarcely 
be  added  that  deficiency  of  vascular  supply  is  likely  to  be  as 
fatal  to  its  survival  as  excess  thereof. 

We  take  up  the  organisation  of  clot  at  the  point  where  ordi- 
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nary  coagulation  of  blood  outside  the  body  ceases.  The  fibrin 
has  fonned  a  regular  and  delicate  honey-combed  network  around 
each  cell ;  this  network  towards  the  upper  surface  of  the  clot 
becomes  coarser  in  texture,  and  is  gathered  into  broader  strands 
with  fewer  embedded  cells,  till,  when  the  surface  is  reached,  the 
fibrin,  with  more  than  its  due  proportion  of  leucocytes,  is  the 
chief  constituent  of  the  clot  mass.  Here  there  is  no  evidence 
of  cellular  activity.  If  there  is  any  cellular  change  at  all  it  is 
in  the  direction  of  decay,  not  of  vitality. 

In  clot  that  is  to  survive,  the  first  change  to  be  noted  relates 
to  the  disposition  of  the  fibrm.  The  regular  arrangement  around 
individual  blood-cells  still  remaining,  but  in  attenuated  form, 
there  is  observed  at  points  in  the  clot  substance  a  tendency  to 
the  formation  of  leading  strands,  which  may  become  many  times 
thicker  than  the  original  fibrils  (PI.  YI.  fig.  9,  c^q).  In  the  imme- 
diate neighbourhood  of  these  strands  appear  rounded  cavities, 
each  containing  a  deeply  stained  rounded  cell  with  granular 
contents  and  a  prominent  nucleus  (a/i).  These  are  white  blood- 
ceUs.  They  are  here  among  the  fibrin  presiding  over  their 
special  areas  of  nutrition,  and  directing  the  first  steps  of  the 
tissue  in  which  they  lie  towards  vital  organisation. 

These  leading  strands,  as  well  as  the  delicate  network  which 
they  traverse,  always  stain  readily.  But  the  embedded  blood- 
cells  retain  their  yellow  colour  for  a  longer  period,  and,  unless 
soaked  for  a  considerable  time,  refuse  to  absorb  the  staining 
material.  After  a  time,  on  the  appearance  of  certain  large 
granular  yellow  cells  to  be  presently  described,  the  blood  discs 
are  decolorised,  and  at  the  same  time  appear  to  lose  their  dis- 
tinctive shape,  becoming  more  or  less  spherical.  In  the  end  it 
would  be  impossible  to  say  that  the  clear  highly  refracting  sub- 
stance traversed  by  delicate  honey-combed  fibrils  had  originally 
been  red  blood-cells.  In  the  meantime  the  collection  of  the 
fibrin  into  leading  strands  has  gone  on,  the  large  ones  becoming 
larger,  and  new  ones  appearing.  By  contrast,  as  well  as  in 
reality,  the  original  honeycomb  network  now  appears  to  be  of 
extreme  tenuity  (PL  VI.  fig.  3).  The  leucocytes  undergo  little 
change  in  their  cavities.  Here  and  there  evidences  of  fission 
can  be  detected,  but  these  are  less  frequent  than  might  have 
been  expected.    They  are  always  surrounded  by  a  clear  space, 
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appearing  to  fill  only  a  part  of  the  cavity  provided  for  them. 
This  may  be  an  effect  of  the  mode  of  preparation. 

At  this  point  the  clot  consists  of  fibrinous  trabeculse  which 
give  off  smaller  and  smaller  branches,  enclosing  areas  of  the 
original  but  much  attenuated  network,  and  having  scattered 
throughout,  but  chiefly  near  the  trabeculse,  numbers  of  the  above 
mentioned  rounded  cells.  Up  to  this  point  it  may  be  said  that 
the  progress  of  organisation  is  uniform.  But  hereafter  diverg- 
ences take  place  which  demand  separate  consideration.  At 
every  step  we  are  reminded  of  the  many-sided  nature  of  clot 
tissue,  ready,  according  to  the  situation  in  which  it  is  placed — 
we  may  say  according  to  the  manner  in  which  it  is  iufected— to 
mimic  almost  any  form  of  connective  tissue. 

The  first  change  falling  to  be  described  relates  to  the  ap- 
pearance of  round  spaces,  each  surrounded  with  a  row  of  laige 
epithelioid  cells,  and  containing  a  clear  gelatinous  substance 
which  usually  falls  out  on  making  the  section  (PL  YI.  figs.  2, 
4,  5).  These  spaces  usually  occur  in  clusters,  several  large 
ones,  with  a  good  many  small  ones,  being  grouped  together. 
In  every  direction  of  cutting  they  come  out  circular,  therefore 
they  must  be  hollow  spheres.  The  largest  ones,  always  few 
in  number  in  a  given  section,  can  be  seen  with  the  naked  eye, 
but  by  far  the  greater  number  are  microscopic.  They  are  most 
abundant  in  the  central  portions  of  clot,  but  they  are  by  no 
means  confined  to  these  parts. 

This  process  of  alveolation— for  such  it  practically  is — ^is 
peculiarly  interesting  and  beautifuL  In  all  the  specimens 
which  I  have  studied,  the  steps  of  formation  were  strikingly 
similar. 

The  first  evidence  of  alveolation  is  a  grouping  together  of 
three  or  four  epithelial-looking  cells,  with  granular  contents 
and  a  well-defined  nucleus  (PL  YI.  fig.  1).  These  cells  are  at 
first  rounded  in  contour,  but  present  flattened  faces  towards 
each  other.  They  multiply  excentrically,  encroaching  on  the 
clot-tissue  outside,  and  leaving  a  cavity  inside.  In  size  tiiey 
vary  greatly,  but  are  always  large ;  while  a  few  in  the  largest 
cavities  attain  to  enormous  dimensions  (PL  YI.  fig.  5).  They 
are  more  or  less  flattened,  adhering  by  their  broadest  surface 
to  the  wall  of  the  cavity.    Each  cell  contains  a  round  nndeus 
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of  very  constant  size — about  that  of  a  blood-disc  Some  cells 
are  vacuolated,  and  many  contain  drops  of  fat.  They  lie  with 
great  regularity,  and  usually  in  a  single  row  on  the  wall  of 
the  cavity.  In  all  stages  of  growth  they  are  yellow  in  colour. 
They  take  on  staining,  not  very  readily  however,  with  log- 
wood, aniline  blue,  or  carmina 

As  alveolation  advances  the  network  forming  the  cavity 
wall  becomes  more  dense  and  closely  set  (PL  VI.  fig.  5).  When 
alveolation  has  gone  to  its  full  extent,  the  clot-tissue  consists 
simply  of  the  close-meshed  network  of  thick  fibres  which 
forms  the  walls  of  the  cavities  with  its  embedded  leucocytes 
and  the  enclosed  granular  cells  and  gelatinous  material.  One 
of  my  specimens  actually  shows  complete  calcification  of  these 
fibrinous  festoons.  Barely,  however,  do  the  changes  go  so  far 
as  this. 

To  help  our  understanding  of  this  process  some  analogous 
appearances  may  be  described.  Where  blood-clot  overlies 
yellow  marrow  we  frequently  find  rounded  masses  of  pure  fat, 
usually  much  larger  than  ordinary  fat-cells,  which  appear  in 
their  aggregation  to  have  displaced  the  clot-tissue  proper. 
Fig.  16  is  a  drawing  of  such  a  condition,  in  which  the  fatty 
aggregations  are  small  and  the  clot-tissue  has  become  calcified. 
Similar  masses  of  fat  may  nearly  always  be  found  in  clots 
formed  outside  the  body,  and  especially  in  clots  that  are 
swollen  from  having  been  hardened  in  too  weak  solutions  of 
chromic  acid.  There  is  no  appearance  of  cells  around  such 
cavities ;  the  process  probably  depends  on  the  general  tendency 
of  fatty  molecules  to  gather  themselves  into  larger  and  larger 
masses. 

But,  although  the  processes  are,  thus  far,  dissimilar,  they 
may  be  to  some  extent  related.  The  crude  aggregation  of 
fatty  molecules  outside,  or,  where  there  is  excess  of  fat,  inside 
the  body,  may,  under  ordinary  circumstances,  in  the  living 
clot,  be  represented  by  a  more  elaborate  segregation  and  col- 
lection. I  cannot  be  certain  that  the  contents  of  these 
cavities  are  pure  fat,  but  I  believe  they  are  fatty  in  nature. 
They  are  probably  to  be  looked  upon  as  an  early  effort  of  the 
clot-tissue  to  differentiate  its  component  elements.  Their 
never  getting  beyond  the  condition  of  hollow  spheres,  and  the 
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nature  of  their  contents,  forbid  any  supposition  that  they  may 
be  vascular  in  nature.  They  are  probably  rather  destructive 
than  formative  in  their  tendency.  Their  usual  position,  in 
the  part  of  the  clot  furthest  removed  from  blood-supply,  and 
their  universal  tendency,  if  not  arrested,  to  eat  up  the  clot- 
tissue  proper,  point  to  such  an  interpretation.  They  exist  by 
reason  of  the  peculiar  instability  of  clot-tissue,  ready  to  be 
preyed  upon  by  any  special  activity  which  may  lay  hold  of  it 

But  this  process  of  alveolation  rarely  invades  more  than  one- 
eighth  or  one-tenth  part  of  the  organising  clot ;  and  even  when 
it  has  advanced  to  its  farthest  extent,  it  may  leave  behind  it 
a  tissue  which,  as  we  shall  see,  takes  its  share  in  the  repair  of 
the  fracture. 

Another  element  in  the  tissue  fabric  is  a  large  yellow  granular 
cell  (PI.  VI.  fig.  6).  Free  of  any  connection  with  the  tissue 
structure,  and  standing  out  of  yellow  colour  in  the  midst  of  the 
blue  or  violet  field,  it  is  a  striking  object  in  most  preparations. 
It  is  about  twice  or  thrice  as  large  as  a  leucocyte,  is  devoid  of  a 
nucleus,  and  is  contained  within  a  well-defined  cell-walL  It 
usually  appears  about  the  third  or  fourth  day,  and  disappears 
again  about  the  eighth  or  tenth. 

I  think  there  can  be  no  doubt  that  this  cell  is  concerned  in 
the  collection  of  the  colouring  matter  of  the  blood  from  the 
extravasated  blood-discs,  and  perhaps  even  in  the  disintegra- 
tion of  the  discs  themselves.  There  need  be  no  question  as  to 
their  yellow  granular  contents  being  the  same  as  that  of  the 
blood-discs;  and  the  appearances  often  seen  inside  the  cells 
lend  a  high  probability  to  the  view  that  they  also  lay  hold  of 
many  of  the  discs  bodily,  and  break  them  up  in  their  interior. 
In  this  sense  they  are,  in  the  fullest  meaning  of  the  word 
haematoclasts,  analogous  to  the  large  granular  yellow  cells  of 
the  spleen  and  other  blood-granular  bodies.  We  can  guess  that 
they  are  leucocytes  to  which  this  new  function  has  been  rele- 
gated ;  what  ultimately  becomes  .of  them  I  cannot  say.  It  is 
not  unlikely  that  they,  like  their  splenic  congeners,  ai*e  fated  to 
help  in  the  manufacture  of  new  blood-discs,  this  function  being 
long  in  abeyance  owing  to  the  tardy  process  of  vascularisation  in 
clot.  They  are  certainly  found  in  greatest  abundance  around 
areas  of  special  activity  which  are  to  be  the  seats  of  vascular  for- 
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mation ;  but  I  cannot  say  that  I  have  found  direct  proof  of  their 
haematoblastic  function  in  the  way  of  fission  or  budding.  Such 
a  function  is  highly  probable,  but  cannot  be  described  as  certain. 

At  this  stage  we  may  take  up  the  vascularisation  of  clot. 
And  here  I  may  at  once  say  that  I  believe  there  occurs  in  clot 
organisation  an  independent  and  original  formation  of  blood- 
vessels, similar  to  what  occurs  in  some  other  embryonic  tissues, 
such  as  inflammatory  exudations,  sarcomata,  placental  tissues, 
&c.  A  priori  we  might  have  suspected  this.  This  special 
vaso-formative  function  being  found  in  rapidly  growing  tissues 
of  simple  type,  apparently  as  a  condition  of  their  existence 
and  growth,  we  might  have  reasonably  enough  concluded  that 
a  blood  extravasation — ^the  most  rapidly  produced  of  all  tissues, 
and  apparently  the  least  stable — ^would  be  endowed  with  simi- 
lar aid  to  survival  The  preformation  of  blood-channels  in 
the  dot-substance,  ready  to  be  joined  on  to  the  general  circu- 
lation, must  very  materially  contribute  to  the  rapidity  of  its 
organisation,  and  thereby  to  the  probability  of  its  survival 

The  vaso-formative  process  is  seen  at  its  simplest  in  clot 
which  is  at  a  distance  from  any  heterogeneous  tissue  such  as 
bone,ligament,  or  muscle.  Here  it  is  seen  to  consist  essentially 
in  the  collection  into  a  tubular  form  of  the  protoplasmic  or 
fibrinous  strands  which  traverse  the  tissue  in  every  direction. 
A  chance  parallel  arrangement  of  a  couple  of  thick  trabeculse 
must  not  be  mistaken  for  the  formation  of  a  vessel  In  such 
a  case  the  original  network  remains  between  the  thick  tra- 
beculse,  and  there  is  no  true  tubular  formation.  When  a  vessel 
is  to  be  formed  the  matrix  gathers  itself  round  a  centred  axis 
to  form  a  tube  (fig.  9,  6),  and  the  fine  cellular  network  is 
pushed  aside.  In  this  condition  the  young  vessels  bear  a 
striking  resemblance  to  the  venous  radicles  of  the  spleen  (figs 
10  and  11).  A  vascular  territory  is  one  of  special  activity, 
and  is  a  marked  object  in  the  field  from  its  deeply  stained 
appearance  and  its  abundance  of  cells.  The  suggestive  mean- 
ing of  the  crowding  of  large  granular  yellow  cells  in  these 
areas  has  already  been  alluded  to. 

But  the  most  active  element  in  these  vascular  areas  are 
those  round  deeply-stained  cells  already  described  as  each 
lying  in  a  fibrinous  nest.    An  evident  purpose  in  their  multi- 
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plicatioQ  and  arrong^mjent  can  now  be  made  out  (PL  VI.  figs. 
10  and  11).  They  lie  at  commanding  points  among  the  chief 
strands,  foreshadowing  in  their  own  arrangement  and  in  that 
of  their  subsidiary  trabeculse  the  formation  of  the  yonng 
vascular  tubes.  They  are  always  round  or  oval,  are  usually 
very  deeply  stained,  and  not  infrequently  exhibit  a  small 
dark  excentric  nucleus.  These  are  the  true  angioblasts  in 
clot-tissue. 

Other  forms  of  vascular  development  which  are  met  with 
are  probably  predetermined,  either  by  the  tissue  into  which 
the  blood  has  infiltrated  or  to  the  inflammatory  exudation 
with  which  part  of  the  clot  may  be  commingled.  Fibres  of 
periosteum  or  ordinary  tpreolar  tissue  are  sometimes  found 
traversing  a  clot  in  all  directions,  importing  new  elements 
and  new  influences.  Therefore,  though  here  also  the  vaso- 
formative process  may  be  independent  of  the  general  vascular 
system,  it  would  be  wrong  to  describe  it  as  purely  inherent  in 
clot.  A  common  form  of  vessel  growth  is  drawn  in  fig.  12^ 
from  the  margin  of  a  clot.  Figs.  13  and  14  are  small  portions 
of  a  similar  tissue  in  other  sections  in  which  the  vaso-formative 
action  was  resident.  Here  there  is  nothing  peculiar  to  be  noted ; 
and  the  drawings  sufficiently  explain  themselves. 

The  young  clot  tissue  thus  endowed  with  potentialities  of 
independent  existence,  assumes  many  peculiarities  of  form. 
Some  of  these  changes,  appearing,  as  they  do,  to  bear  important 
relations  to  the  process  of  fracture  repair,  require  special 
notice. 

One  of  the  most  important  of  these  changes,  pregnant  with  a 
far-reaching  suggestiveness  as  to  the  capabilities  of  blood-clot 
in  fracture  repair,  is  a  transformation  into  a  tissue  which  exactly 
resembles  pure  cartilage.  Fig.  7  is  a  drawing  of  such  a  condi- 
tion. There  is  no  possibility  of  mistaking  the  appearances. 
There  is  a  distinct  gradation,  more  marked  in  the  actual  speci- 
men, than  in  the  drawing,  between  the  familiar  young  clot-tissue, 
with  its  vaguely  striated  trabecule  and  round  cells,  to  the  glassy 
matrix  and  encapsuled  cell  groups  of  the  cartilage.  The  clot  fibres, 
becoming  more  and  more  swollen,  are  ultimately  transformed 
into  a  continuous  matrix,  while  the  encapsuled  cells  multiply 
in  broods  round  a  mother  cell  and  become  surrounded  singly  or 
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in  groups  with  new  matrix.  The  reaemblauee  to  cartilage  here, 
at  the  apex  of  the  transformed  tissue,  is  complete  enough,  but 
lower  down  it  was  even  more  perfect,  and  underwent  an  infiltra- 
tion with  calcareous  salts  in  a  manner  no  way  different  from 
what  is  seen  in  ordinary  calcification  of  cartilage. 

This  was  a  change  striking  enough  to  deserve  most  careful 
investigation,  and  the  appearances  were  closely  observed  in 
every  specimen.  One  point  to  be  decided  was,  What  deter- 
mined the  transformation  ?  for  it  was  scarcely  conceivable  that 
blood-clot  SIM  sponte  should  thus  specially  prepare  itself  for 
becoming  calcified.  It  was  noted  that  such  cartilaginous  areas 
ran  into  the  clot  substance  on  the  side  next  the  bone,  and  that 
they  could  often  be  traced  down  to  a  bed  of  fibro-cartilage 
representing  a  muscular  insertion.  It  seemed,  in  fact,  as  if  the 
inflamed  cartilage  had  first  infected  the  inflammatory  neoplasm 
in  its  neighbourhood  with  its  histological  peculiarities,  and  that 
this  infection,  carried  out  into  the  young  clot,  had  been  im- 
mediately taken  up  by  that  versatile  tissue.  In  nearly  every 
case  of  fracture  such  cartilaginous  tracts  can  be  followed  through 
the  sodden  tissues,  and  some  of  them  can,  with  care,  be  traced 
to  an  area  of  coagulated  blood.  The  infection  is  handed  on  from 
one  tissue  to  another^  and  the  transformation  only  ceases  with 
the  exhaustion  of  the  stimulus,  or  the  obstruction  of  a  hetero- 
logous tissue  such  as  muscle.  That  this  tissue  is  pure  cartilage 
I  very  much  doubt ;  that  it  is  a  parent  tissue  specially  adapted 
for  the  development  of  bone  is  perfectly  clear.  It  is,  further- 
more the  imdoubted  representative  of  that  ill-understood  tissue 
which  is  so  abundant  in  fractures  of  the  lower  animals,  and 
which  has  given  us  the  name  "callus  cartilage."  More  will 
have  to  be  said  on  this  subject  presently. 

The  most  varied  changes  in  clot  are  found  in  the  sites  most 
favourable  to  its  existence,  namely,  plugging  the  marrow  cavity 
and  filling  up  the  jagged  hollows  in  the  fractured  ends. 

Sunning  into  clot  in  these  situations  we  always  find  numerous 
bony  spicules  or  trabeculse.  The  immediate  neighbourhood  of 
such  spicules  is  always  the  seat  of  some  special  change  in  the 
clot-tissue.  Fig.  15  is  a  drawing  of  one  of  the  most  common 
appearances.  Trabeculse  are  gathered  together  from  outlying 
portions,  meeting  at  the  tip  and  lying  alongside  of  the  spicule. 
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Abutting  on  the  bone  the  clot  trabeculaB  are  so  closely  arranged 
as  to  be  almost  continuous,  and  the  imprisoned  cells  assume  a 
rough  similarity  to  the  neighbouring  bone  corpuscles.  The 
structure  of  true  bone  is,  in  fact,  very  closely  mimicked.  The 
assiniUation  is  further  carried  out  when  this  transformed  clot- 
matrix  becomes,  as  it  frequently  does,  impregnated  with 
calcareous  material. 

Some  of  the  most  striking  preparations  which  I  possess  are 
derived  from  specimens  in  which  ossification  had  invaded  the 
alveolated  tissue  described  abova  Beyond  the  broad  fact  that 
calcification  had  invaded  the  clot  trabeculse  left  surrounding  the 
nests,  and  that  the  imprisoned  cells  closely  resembled  true  bone 
cells,  there  was  nothing  very  special  to  be  noted  histologically  in 
these  preparations.  In  these  regions,  the  ossific  stimulus  being 
very  near  and  powerful,  every  available  matrix  was  laid  hold  of 
and  calcified.  Fig.  16  is  a  drawing  showing  calcification  in  the 
matrix  around  fatty  aggregations,  which  are  so  frequently  found 
where  clot  overlies  yellow  marrow. 

It  would  seem  that,  given  the  adaptable  leucocyte  and  the 
equally  plastic  clot-fibrin,  there  is  scarcely  a  limit  to  the  per- 
mutations and  combinations  that  may  arise  therefrom.  Even 
the  sluggish  articular  cartilage  is  not  without  its  influence  on 
this  versatile  tissue.  In  case  2,  which  was  only  eight  days 
old,  the  foreshadowing  of  a  cartilaginous  structure  was  observ- 
able in  tlie  clot  all  along  the  line  of  rupture  of  the  articular 
cartilage.  Fig.  8  is  a  drawing  of  such  a  condition,  not  very 
striking  in  itself,  but  eminently  suggestive  as  to  the  ultimate 
capabilities  of  the  young  tissue. 

It  is  scarcely  possible  to  exhaust  the  multiple  aspects  of 
organised  blood-clot  in  the  midst  of  heterogeneous  and  inflamed 
tissues.  The  above  description  will  perhaps  suffice  to  show  the 
nature  and  value  of  the  young  tissue  in  fracture  repair.  Wher- 
ever it  lies  it  goes  some  distance  towards  assimilating  itself  to 
the  tissues  which  surround  or  traverse  it.  If  the  ossific  stimulus 
reaches  it,  it  undergoes  changes  similar  to  those  which  would  be 
undergone  by  the  tissue  it  mimics.  Even  after  making  allow- 
ance for  the  unstable  nature  of  clot-tissue,  and  for  the  manifold 
influences  which  militate  against  its  survival,  we  cannot  fail  to 
perceive  its  importance  in  the  healing  process  of  fractures. 
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When  no  other  tissue  competent  to  develop  bone  is  at  hand,  it 
steps  in  and  fulfils  this  function ;  or  when  only  heterogeneous 
tissues  are  present  it  meets  them  half  way,  and,  bridging  over 
the  difiiculty,  carries  the  ossific  stimulus  on  to  another  tissue 
which  is  competent  to  serve  as  a  bony  matrix. 

But  we  must  not  exaggerate  the  value  of  clot  in  fractures. 
Clot  is  the  least  valuable  of  all  repairing  mediums.  Its  sluggish 
nature,  hovering  for  days  between  life  and  death,  and  prone  to 
destruction  on  the  slightest  disturbance ;  and  the  crude  simplicity 
of  its  elements,  far  removed  from  that  form  of  structure  which 
is  most  suitable  to  development  of  bone,  place  it  behind  all  the 
other  tissues  which  surround  a  fracture  as  a  medium  of  union. 
But  there  it  is,  for  better  or  for  worse,  and  we  must  accept  it 

It  is  the  last  of  all  tissues  to  become  ossified.  Nearly  all 
observers  agree  in  describing  the  medullary  plug  as  the  last  to 
develop  bone.  Through  aU  its  changes  of  decolorisation  and 
subsequent  vascularisation  it  has  been  described  with  a  wonder- 
ful amount  of  uniformity  by  numerous  observers ;  it  had  even 
been  raised,  under  the  name  of  "substantia  intermedia" 
(Breschet),  to  something  of  the  dignity  of  an  independent  exist- 
enca  Evidences  of  its  delay  in  ossification  are  seen  in  macer- 
ated specimens  of  imperfectly  united  fractures  in  most  museums, 
where  its  previous  existence  is  represented  either  by  a  complete 
gap  or  by  very  imperfect  ossification.  A  practical  proof  of  its 
drawbacks  as  an  uniting  medium  is  seen  in  fractures  of  the 
neck  of  the  femur,  where  its  friability  and  sluggishness  render 
union  almost  impossible.  Its  existence  anywhere  in  excess 
cannot  be  otherwise  than  deleterious. 

Nothing  need  be  said  of  the  cessation  of  clot  transformation 
at  the  stage  of  fibrous  tissue.  It  is  impossible  to  say  whence 
the  fibrous  material  so  frequently  found  sealing  up  the  displaced 
ends  of  a  fractured  bone  derived  its  origin.  It  is  just  as  likely 
to  have  sprung  from  clot  as  from  anything  else. 

Here,  then,  we  leave  the  process  of  clot  organisation  in  fracture 
repair.  Assimilated  to  surrounding  structures  either  by  calcifica- 
tion or  fibrillation,  it  ceases  to  exist  as  an  independent  tissue, 
and  its  history  is  hereafter  incorporated  with  that  of  its  neigh- 
bours. 

JPeriosteum. — As  a  rule,  in  fractures  in  man,  the  periosteum  is 
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completely  torn  through.  But  the  exceptions  to  this  rule  are 
somewhat  numerous.  In  fractures  of  the  ribs,  for  instance,  the 
laceration  is  on  one  side  only ;  on  the  other  side,  outer  or  inner, 
according  to  the  mode  of  fracture,  though  partially  detached,  it 
usually  remains  entire.  The  same  is  true  of  fractures  of  the 
clavicle,  and,  with  some  limitations,  of  the  fibula  and  radiu& 
In  fractures  of  the  flat  bones  there  may  be  no  tearing  of  the 
periosteum,  and  only  slight  detachment  thereof.  And  in  many 
fractures  of  the  long  bones  a  few  shreds  of  periosteum  are 
frequently  left  stretching  between  the  fragments. 

When  the  periosteum  has  not  been  stripped  from  the  bone  at 
the  time  of  the  accident,  it  contiuues  adherent  during  the 
progress  of  repair,  and  no  amount  of  inflammation  that  is  not 
suppurative  will  separate  it.  When  it  has  been  peeled  off,  as 
nearly  always  happens  for  some  distance  above  the  fracture,  a 
sero-sanguinolent  effusion,  which  has  been  described  by  most 
observers,  lies  between  the  periosteum  and  the  bone.  In 
considering  the  peculiar  functions  of  periosteum  in  fracture 
repair,  all  these  conditions  must  be  remembered. 

At  the  outset  it  is  necessary  to  give  a  definition  of  terms. 
According  to  general  usage,  the  term  ossification  may  mean 
anything  from  the  crude  infiltration  of  a  vitreous  humour  or  of 
a  pleuritic  effusion  with  calcareous  material  up  to  the  fully 
elaborated  process  as  seen  in  the  extremity  of  a  foetal  long  bone; 
and  calcification  may  mean  almost  the  same  thing.  With  such 
laxity  of  meaning  it  is  impossible  to  make  our  terms  under- 
stood. I  shall  therefore  make  use  of  the  terms  calcification 
and  ossification  in  the  following  senses : — Calcification  is  taken 
to  represent  a  simple  deposit  or  infiltration  of  amorphous  or 
nodular  salts  in  a  pre-existing  matrix ;  the  cells  are  the  proper 
ones  of  the  tissue,  simply  imprisoned  and  not  specially  de- 
veloped. Ossification  is  the  formation  of  a  specialised  tissue  by 
specialised  cells  ("  osteoblasts  "),  the  protoplasmic  being  formed 
pari  passu  with  the  calcareous  material ;  and  true  ossification  is, 
in  the  first  place,  a  sequel  to  the  destruction  of  a  previously 
calcified  tissue.  A  tissue  of  calcification  may  never  become 
ossified,  continuing  permanent  or  being  completely  absorbed. 
But  an  ossified  tissue  in  its  first  development  always  succeeds  a 
calcified  precursor. 
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I  am  aware  that  the  highest  possible  authorities  might  be 
cited  in  opposition  to  the  above  definitions.  It  is  in  sheer 
despair  of  making  myself  understood,  unless  some  such  rigid 
line  be  drawn  between  the  two  processes,  that  I  so  restrict  the 
meaning  of  the  terms.  A  correct  appreciation  of  the  dififerences 
between  the  two  processes  lies  at  the  root  of  our  understanding 
of  the  process  of  bony  repair. 

Thus  defined,  we  see  very  little  of  true  ossification  in  the 
early  stages  of  callus  development.  It  is  nearly  all  simple 
calcification.  The  furious  advent  of  the  inflammatory  process 
provides  an  abundance  of  succulent  matrix  and  blood  supply. 
In  the  presence  of  the  ossific  stimulus  there  is  a  hurried 
preparation  for  true  ossification,  consisting  of  an  irregular  but 
not  altogether  indiscriminate  deposit  of  calcareous  material  in 
the  inflammatory  blastema.  To  some  extent  the  matrix  is  an 
infiltrated  product  of  inflammation,  but  the  greater  portion  of  it 
is  derived  from  the  swollen  and  otherwise  transformed  tissues 
around  the  fracture.  One  of  the  most  important  of  these  parent 
tissues  is  the  periosteum. 

Here  it  is  expedient  to  interpolate  a  reminder  on  the  periosteal 
function  of  bone  production.  The  normal  process  of  bony 
growth  under  periosteum  is  not,  rigidly  speaking,  periosteal  at 
all,  but  medullary.  The  periosteal  osteoblasts  are  medullary  in 
structure  as  well  as  in  function.  A  slight  periostitis,  such  as 
may  be  found  under  an  ulcer  of  the  skin,  gives  an  increased 
development  of  bone,  which  is  of  the  ordinary  lamellar  type, 
arranged  regularly  in  Haversian  systems.  A  greater  amount 
of  inflammation  induces  a  new  departure  in  osteogenesis.  In 
this  latter  case  the  new  growth  is  through  calcification  as  a 
first  step.  The  ready-made  swollen  periosteal  fibres  are  made 
use  of  just  as  any  other  suitable  matrix  would  be,  and  without 
any  regard  to  its  supposed  function  of  osteogenesis,  for  the 
deposition  of  calcareous  salts.  The  first  is  true  permanent 
ossification;  the  second  is  only  calcification  of  a  fortuitously 
provided  matrix,  and  is  merely  temporary.  The  one  is  analogous 
to  the  calcification  of  cartilage,  which  in  the  foetus  precedes  true 
bony  growth;  the  other  corresponds  to  the  development  of 
lamellar  bone  by  medullary  osteoblasts. 

Looked  at  in  this  view,  the  whole  question  of  the  periosteal 
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origin  of  callus  is  much  simplified.  The  function  of  the  develop- 
ment of  true  bone  being  dependent  on  the  sub-periosteal  osteo- 
blasts, and  being  medullary  in  nature,  a  normal  ossifying 
periostitis  is  possible  only  when  the  periosteum  is  undetached 
and  the  osteoblasts  undisturbed.  But,  as  a  matter  of  fact,  we 
know  that  a  detached  or  even  transplanted  periosteum  carries 
with  it  a  power  not  only  of  calcification  but  of  ossification.  All 
that  we  need  in  this  case  postulate  is  that  some  of  the  osteo- 
blasts shall  have  been  borne  away  with  it  It  is,  however,  a 
deeper  question  than  the  mere  presence  of  osteoblasts ;  it  is  a 
question  of  degree  of  inflammation,  anything  between  plastic 
growth  and  suppurative  destruction.  We  find  that  the  mean 
between  these  extremes  is  the  hurried  and  histologicaUy  incom- 
plete process  of  calcification.  And  experience  shows  that  in 
fractures  the  degree  of  inflammation  is  in  most  instances  enough 
for  calcification  of  periosteal  fibre,  but  too  much  for  the  direct 
formation  of  medullary  bone. 

The  development  of  callus  in  periosteum  presents  a  considerable 
variety  of  histological  appearances.  We  find  one  prevailing  type 
of  growth  in  the  more  outlying  portions  of  fibre,  where  it  is  less 
dense  and  more  abundantly  infiltrated  with  inflammatory 
material.  Where  it  is  in  close  contact  with,  and  firmly 
adherent  to  the  bone,  another  type  of  calcification  is  met  with. 
Those  instances  in  which  the  periosteum  has  been  peeled  ofif  the 
bone  and  gelatinous  material  separates  the  two  will  be  best 
included  under  this  head.  And,  lastly,  that  more  complete  but 
less  important  development  of  bone,  which  is  one  effect  of  a  low 
form  of  periosteal  inflammation,  and  is  produced  by  the  peri- 
osteal osteoblasts,  may  be  here  considered. 

Rindfleiflch,  whae  speaking  of  this  subject,  expresses  his  sur- 
prise  that,  according  to  Virchow's  careful  investigations,  in 
ossifying  periostitis  bone  may  be  developed  outside  the  perios- 
teum ("  parostosis ") ;  for  periosteum  ordinarily  produces  bone 
on  its  inner  aspect.^  In  such  cases  I  believe  we  ought  to  con- 
sider it  only  in  a  very  limited  sense  as  an  "ossifying  peri- 
ostitis;'' in  a  broader  and  more  legitimate  sense  it  is  simply 
an  "  ossifying  cellulitis,"  or,  still  more  correctly,  a  "  calcifying 
cellulitis."     Where  the  cambium  layer  under  the  periosteum 

1  Rindfleiflch's  '*  Path.  Hist."  Neiv  Syd.  &oc.  Trans,  1878,  vol.  i.  p.  241 
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is  destroyed,  its  specialised  function  follows  suit ;  and  any  new 
function  which  the  periosteum  takes  up  must  be  in  virtue 
simply  of  its  capabilities  as  an  inflamed  fibrous  tissue.  As 
such,  it  may  be  infected  with  tendencies  to  calcification,  but  it 
is  of  itself  incapable  of  developing  true  bone. 

Of  course  it  is  not  denied  that  a  true  ossifying  periostitis  might 
occur  in  fractures.  The  periosteum  may  be  only  slightly  injured, 
and  the  resulting  inflammation  may  be  of  a  mild  nature,  and 
thus  we  might  get  an  example  of  genuine  periostitic  bony 
growth.  As  a  matter  of  fact,  such  examples  are,  in  man  at 
least,  very  rare.  The  limited  capabilities  of  the  cambium  layer 
of  osteoblasts  are  far  from  being  equal  to  the  rapid  and  excessive 
callus  growth  seen  after  fractures.  Starting  at  innumerable 
points  throughout  the  prepared  matrix,  and  traversing  many 
courses  through  the  fibrous  bundles,  the  calcifying  process  pro- 
ceeds with  a  rapidity  many  times  greater  than  could  be  brought 
about  by  a  true  ossifying  periostitis. 

Many  experiments  have  been  made  on  the  lower  animals  with 
a  view  to  teaching  us  the  natural  history  of  ossifying  periostitis. 
Conspicuous  among  these  are  those  by  Busch,  of  Berlin,  of  in- 
serting laminaria  tents  into  the  medullary  cavities  of  bones.  In 
these  the  periosteum  was  for  the  most  part  intact ;  and  if  we 
might  deduce  from  an  undisturbed  condition  of  tissue  a  retention 
of  functions,  we  should  find  it  in  such  experiments.  That  is  to 
say,  we  should  have  expected  the  new  bone  to  be  of  medullary 
rather  than  of  fibrous  origin.  The  oncome  of  inflammation 
was  slower  than  it  would  have  been  in  fracture;  and  the 
inflammatory  stimulus  was  handed  on  from  the  compact  bone  to 
the  periosteum.  Starting  with  an  inflammatory  hyperplasia  of 
the  medullary  bone-producing  elements,  the  new  growth  is  laid 
down  on  the  compact  bone  and  grows  outwards.  Some  slides  in 
my  possession,  and  for  which  I  am  indebted  to  the  courtesy  of 
Professor  Busch,  seem  to  show  all  this.  Now,  we  know  that  in 
fractures  a  development  of  bone — or  at  least  an  infiltration  with 
calcareous  salts — often  takes  place  at  a  distance  from  the  old 
bone.  In  these  specimens  there  is  a  striking  similarity  in  geneml 
arrangement  of  trabeculse  to  what  existed  in  the  callus  developed 
in  Case  1 ;  but  it  was  easy  to  make  out  fundamental  differences 
in  the  processes  of  growth.    The  one  was  in  all  its  chief  features 
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a  growth  in  membrane,  the  other  a  development  by  true  osteo- 
blasts. In  that  fracture  also  there  had  been  bat  little  or  no 
laceration  of  the  periosteum,  and  only  slight  displacement  of  the 
fragments.  In  fact,  the  periosteum  had  been  left  in  a  position 
histologically  not  unlike  that  in  Professor  Busch's  experiments 
on  artificial  necrosis.  We  may  contrast  such  a  condition  with 
the  appearances  depicted  in  fig.  1,  PL  VII.,  where  true  ossification 
and  periosteal  calcification  are  going  on  side  by  side,  but  not  in 
unison.  To  appreciate  the  distinctions  fully,  decalcification  by 
acids  must  have  been  very  sparingly  adopted  ;  and  the  sections 
must  not  have  been  soaked  in  oil  of  cloves,  nor  mounted  in 
balsam. 

On  the  whole,  therefore,  I  should  characterise  periosteal  callus 
rather  as  a  calcifying  cellulitis  than  as  an  ossifying  periostitis. 
We  are  to  look  for  its  true  homologue  in  the  membranous 
development  of  bone.  The  osteogenetic  material  which  is 
always  found  at  the  tip  of  a  calcifying  spicule  in  ordinary 
intramembranous  ossification  is  here  represented  by  modified 
periosteal  fibre  (PL  VII.,  figs.  2  and  3).  Fig.  2  is  a  drawing  of  a 
section  made  transversely  through  the  tip  of  a  spicule.  A  zone 
of  deeply  stained  protoplasmic  material,  which,  before  decalcifi- 
cation, had  probably  been  infiltrated  with  nodules  of  calcareous 
salts,  surrounds  the  substance  proper  of  the  spicule.  This  last 
appears  as  a  granular  matrix  containing  three  branching  and 
anastomosing  corpuscles.  At  several  points  in  the  protoplasmic 
zone  the  amalgamation  of  round  granular  cells  with  the  osteo- 
genetic material  is  seen.  Fig.  3  represents  the  tip  of  such  a 
spicule  undecalcified,  and  completes  and  explains  the  appear- 
ances drawn  in  fig.  2. 

After  this  manner  the  first  development  of  periosteal  callus 
takes  place.  From  many  centres  lines  of  calcification  run  along 
the  bundles  of  periosteal  fibre,  leaving  an  areolar  arrangement, 
whose  leading  trabeculae  follow  the  course  of  the  periosteal 
fibres — ^that  is  to  say,  parallel  to  the  shaft  of  the  bone.  Between 
these  calcified  trabeculie  there  lies  a  succulent  young  tissue,  with 
numerous  large,  rounded  or  tailed  nucleated  cells  and  a  few  fibres. 
Numerous  blood-vessels  of  simple  structure  (fig.  4,  PL  VII.) 
traverse  the  young  tissue  in  every  direction.  Occasionally  some 
attempts  at  the  lamellar  development  of  bone  by  true  osteoblasts 
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are  seen ;  but  this  is  not  common.  The  trabeculse  of  periosteal 
callos  show  in  their  rough  or  granular  structure  the  indis- 
criminate arrangement  of  their  embedded  cells,  and  the  complete 
absence  of  anything  like  lamellation — ^wide  differences  from 
ordinary  cancellous  bone. 

On  peeling  off  the  superficial,  perhaps  calcified,  periosteal 
callus,  we  frequently  find  closely  adherent  to  the  underlying 
bone  long  ridges  of  hard  glistening  material  traversing  the 
strands  of  fibrous  tissue.  Sections  in  longitudinal  direction  can 
readily  be  made,  though  the  tissues  have  not  been  decalcified. 
This  dense  calcified  tissue  is  simply  periosteum,  the  bundles  of 
which  have  not  been  separated  by  injury  or  inflammatory 
exudation,  and  which  have  been  thoroughly  impregnated  en 
masse  with  fine  calcareous  material.  The  changes  in  the 
histological  elements  are  so  inconsiderable  that  the  process 
might  be  likened  rather  to  an  impregnation  with  some  hardening 
material,  such  as  Canada  balsam,  than  to  an  organic  or  physio- 
logical proceeding.  The  wavy  bundles  of  connective  tissue  can 
be  readily  detected  in  the  hardened  substance,  and  here  and 
there  the  connective  tissue  cells  stand  out  with  abnormal 
prominence  in  the  field.  On  the  surface  of  such  ridges 
and  at  transitional  points  elsewhere,  a  more  marked  change 
in  the  fibre  cells,  similar  in  nature  to  a  more  complete  trans- 
formation, to  be  described  under  another  head,  can  often  be 
detected.  Curiously  enough,  I  found  that  this  calcareous 
infiltration  occasionally  followed  bundles  of  perivascular  peri- 
osteum for  some  little  way  into  the  pores  in  the  compact 
bone. 

Why  this  hurried  and  imperfect  form  of  calcification  should 
be  found  next  the  bone,  where  we  might  expect  it  to  be  most 
complete,  is  difficult  of  explanation.  It  may  depend  on  lowered 
vitality  of  the  periosteum  itself.  The  layers  next  the  bone  may 
have  suffered  most  (as  is  conceivable  if  the  injury  were  direct), 
or  the  vessels  running  between  periosteum  and  bone  may  have 
been  blocked.  It  is  scarcely  conceivable  that  it  may  have  been 
caused  by  a  simple  superabundance  of  calcareous  material  in 
the  neighbourhood  which  is  poured  into  the  fibrous  matrix 
before  it  has  undergone  those  elemental  changes  which  indicate 
the  oncome  of  inflammation. 
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Where  the  periosteum  is  peeled  off  the  bone  we  find  inter- 
vening a  pinkish  gelatinous  material  which  is,  histologically, 
composed  of  the  elements  of  inflammation  mixed  with  blood 
corpuscles,  and  traversed  by  shreds  of  periosteum.  In  its 
ulterior  changes  this  material  may  assume  an  appearance  similar 
to  some  forms  of  callus  cartilage.  Rokitansky  describes  this 
gelatinous  material  as  of  constant  occurrence  in  the  lower 
animals.  I  regret  that  I  have  had  only  slight  opportunities  of 
studying  it  Either  by  absorption  or  by  ossific  invasion  it  is 
soon  lost  sight  of,  leaving  behind  it  a  trabecular  calcified  growth 
which  is  very  similar  to  that  found  in  periosteum  generally. 

On  careful  examination  of  the  new  material  under  a  stripped 
periosteal  membrane,  groups  of  nodular  osteophytes  may  be 
found  here  and  there  closely  adherent  to  the  underl}ring  bone. 
These  sedentary  osteophytes  I  believe  to  have  a  similar  origin 
to  the  spicular  or  lamellar  osteophytes  found  in  the  sub- 
stance of  subperiosteal  sarcomata.^  That  is  to  say,  I  believe 
them  to  be  partly  periosteal,  partly  medullary  in  origin.  The 
periosteal  tissue  is  usually  the  adventitia  of  a  vessel  which  has 
escaped  laceration ;  the  medullary  tissue  is  derived  from  a  vas- 
cular opening  in  the  compact  bone.  The  apex  of  the  nodule  or 
spicule  is  developed  in  the  periosteal  fibre,  and  is  solid  or  areolar. 
The  base  is  developed  from  medulla  in  the  ordinary  way,  by 
alveolation  and  rcdeposition,  and  is  hollow,  and  arranged  in 
concentric  lamellae.  The  periosteal  fibre  leads  the  way,  and 
develops  the  solid  apex  ;  the  medullary  tissue  follows  it  up, 
alveolating  and  redepositing.  These  nodules,  then,  are  little 
hollow  cones  attached  by  their  bases  to  the  periphery  of  a  vas- 
cular aperture  in  the  compact  bone.  Though  they  lie  in  the 
gelatinous  subperiosteal  layer,  they  are  not,  properly  speaking, 
a  development  therefrom. 

This  pink  gelatinous  material  is  described  as  playing  an  im- 
portant part  in  the  repair  of  fractures  in  the  lower  animals. 
It  has  been  spoken  of  as  a  special  secretion  for  a  special  pur- 
pose. If  we  are  to  regard  it  as  a  secretion,  it  must  be  only  in  a 
limited  sense,  and  with  that  antiquated'  meaning  which  regards 
even  bone  itself  as  a  secretion.     It  is  simply  an  inflammatory 

*  '*Tlie  Mode  of  Growth  of  Spicular  Osteophytes,"  Bristol  Infirmary  Eeports, 
1878-79. 
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exadation  poared  into  an  artificially  formed  space,  and  behaves 
in  the  manner  that  such  a  neoplasm  lying  between  such  tissues 
would  be  expected  to  behava  So  far  as  I  have  seen,  it  plays  an 
imimportant  part  in  human  fracturea 

True  periosteal  bony  growth  is  of  little  importance  in  fracture 
repair,  and  does  not  require  special  consideration.  At  some 
distance  above  the  line  of  fracture  we  do  usually  find  that  a 
thin  shell  of  new  compact  bone  has  been,  or  is  being,  laid  down 
around  the  bony  shaft  The  long  centripetal  course  of  the 
leading  vascular  channels  is  usually  a  striking  feature  in  such 
specimens.  It  is  as  if  the  bony  new  growth  were  forced  out- 
wards against  the  periosteal  membrane,  stretching  its  vessels  as 
it  advance&  And  if  we  are  to  speak  of  such  bone  as  medullary 
in  origin,  such  language  would  be  more  than  figuratively  correct. 

Tendon  wnd  LigamerU, — In  most  fractures  some  tendinous  or 
ligamentous  tissue  is  implicated,  and  is  frequently  concerned  in 
the  process  of  repair.  The  tendons  proper  require  less  con- 
sideration than  the  muscular  insertions.  Ligamentous  tissues 
everywhere,  interosseous,  capsular,  &c.,  when  involved  in  a  frac- 
ture, respond  readily  to  the  ossific  stimulus. 

It  might  almost  be  said  that  tendons  or  ligaments  are  endowed 
with  an  excessive  or  morbid  tendency  to  become  ossified.  Even 
where  there  may  have  been  no  fracture  of  bone,  only  rupture  of 
tendon,  instances  of  development  of  new  bone  in  the  lacerated 
tiasne  are  by  no  means  rare.  The  best  known  examples  of  this 
occur  after  rupture  of  the  tendon  of  the  adductor  longus  muscle 
of  the  thigh  in  horse  exercise.  In  the  interosseous  ligaments  of 
the  arm  and  the  leg,  an  excessive  development  of  bone  is  liable 
to  take  place  after  fracture  or  other  injury  or  inflammatory  dis- 
ease. Bony  ridges  or  spicules  are  sometimes  found  springing 
from  the  bone,  and  replacing  intermuscular  septa,  and  probably 
owned  similar  causes.  And  cases  have  been  recorded  in  which, 
without  any  external  traumatic  cause,  there  seems  to  be  a 
general  tendency  to  the  growth  of  bone  in  the  ligamentous 
tissues  throughout  the  body.^  It  is  evident,  therefore,  that 
fibrous  tissue  is  a  medium  favourable  for  the  developmeut  of  new 

^  Of.  Hancock,  Lancet^  1866,  vols.  L  ii.;  Benuet,  Dvh.  Joum,  Med,  Sc.  1872, 
YoL  i.-iy.  p.  510 ;  Hamilton,  loe.  cU,  p.  508 ;  Henry,  PhU,  Trans,  Land.  1759, 
ToL  li.  p.  89. 
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bone ;  and  in  a  less  direct,  but  more  important  manner,  it  may 
be  the  means  of  carrying  the  ossiiic  stimulus  outwards  into  other 
tissues  which  might  otherwise  remain  passive  in  fracture  repair. 

In  the  embryo  the  junction  of  tendon  with  bone  is  effected  by 
means  of  a  tissue  which  resembles  true  cartilage,  and  which  has 
been  spoken  of  as  tendon  cartilage.  The  insertion  of  the  tendo 
Achillis  of  the  frog  will  give  good  examples  of  this  tissue.^  In 
the  human  adult  the  plump  round  cells  of  the  tendon  cartilage 
are  replaced  by  the  flattened  obscure  cells  of  true  tendon,  and 
there  is  nothing  left  to  indicate  that  the  tendinous  insertion  had 
differed  in  any  way  from  the  rest  of  the  tendon.  But  the  advent 
of  the  inflammatory  stimulus  at  once  resuscitates  the  embryonic 
memory,  and  demonstrates  the  true  nature  of  the  tissue.  There 
is  not  only  a  reversion  to  the  embryonic  cartilaginous  structure, 
but  there  is  superadded  to  this  an  influence  which  the  cartilage 
never  succumbed  to  before — that  of  calcification  and  ossification. 
And  not  only  does  the  immediate  insertion  become  calcified  like 
ordinary  cartilage,  but  the  tendon  proper  at  some  distance  from 
the  bone  may  be  similarly  infected  and  transformed. 

Having  taken  for  granted  the  ordinary  descriptions  of  ossifica- 
tion of  tendons  in  birds,'  I  was  not  prepared  for  the  thorough- 
ness of  the  process  in  fractures  in  man.  Suspecting  that  the 
process  of  so-called  tendinous  ossification  had  not  been  pursued 
to  its  finality,  I  secured  some  tendons  of  old  turkeys  and 
examined  them  carefully.  This  investigation  proved  to  me  that 
the  ordinary  descriptions  of  tendon  ossification  in  birds  were 
not  complete ;  that  this  so-called  ossification  is  only  the  prepara- 
tory stage  of  calcification ;  and  that,  in  old  birds  and  in  special 
positions,  we  may  find  a  true  ossification  following  up  and 
replacing  the  calcifying  process  (fig.  5,  PL  VII.).  It  happens  that 
calcareous  infiltration  in  birds'  tendons  begins  early  and  lasts 
long ;  and  its  successor,  true  ossification,  comes  on  late,  after  the 
period  that  birds  most  convenient  for  study  are  usually  killed. 
So  the  process  may  have  been  overlooked. 

It  will  be  convenient  shortly  to  describe  the  process  of 
ossification  of  tendons  in  birds.  In  a  longitudinal  section  of 
one  of  the  long  tendons  the  proximity  of  the  calcifying  process 

»  Strieker's  "Histology,"  New  Syd,  Soe.  TroTW.  vol.  i.  p.  107. 
'  Kanvier,  TraiU  Tcchniqtis  dCHiatologie,  p.  455  et  seq. 
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is  indicated  by  the  swollen  and  prominent  aspect  of  the  smaU, 
flat,  almost  invisible  tendon  cells  that  lie  in  rows  between  the 
bundles  of  fibre.  They  lie  in  straight  parallel  rows  and  gradually 
increase  in  breadth,  but  are  always  longer  than  broad  Cal- 
careous salts  are  thrown  down  in  the  fibrinous  matrix  between 
these  cell  rows,  and  ultimately  between  the  individual  cells. 
The  calcareous  material  is  very  faintly  granular,  and  is  in  a  state 
of  very  fine  subdivision.  The  tendon  now  loses  its  glassy 
striated  appearance,  and  ceases  to  polarise  light.  The  cells,  still 
continuing  in  rows,  increase  slightly  in  size,  and  send  minute 
processes  into  the  calcified  tendon  matrix.  This  is  still  pure 
calcification,  only  it  is  far  more  permanent  than  the  like  process 
anywhere  else.  The  great  length  (comparatively  speaking)  of 
the  tendons,  their  compact  sparsely  vascularised  structure,  and 
the  absence  of  overlying  muscle  on  the  tarso-metatarsal  bones 
of  birds,  may  help  to  account  for  this. 

For  a  considerable  distance  down  the  tendon  no  new  appear- 
ances may  be  visible;  but  in  old  birds  in  the  middle  of  the 
tendon  examples  of  true  ossification  replacing  the  calcified 
tissue  may  be  met  with.  Fig.  5  is  a  drawing  of  such  a 
condition.  The  tendon  has  been  cut  transversely.  At  the 
periphery  the  fibrous  sheath  is  seen  surrounding  the  calcified 
bundles  and  sending  septa  down  between  them.  The  tendinous 
bundles  of  bony  density  are  seen  in  transverse  section  im- 
perfectly isolated  by  deeply  stained  cells,  which  in  this  aspect 
appear  tailed  and  branched.  These  have  been  called  bone 
corpuscles ;  and  if  the  tendon  in  this  condition  is  called  bone, 
we  need  not  object  to  the  term.  Lower  down  we  meet  with  a 
dark  zone  of  rough  granular  material  which  is  the  calcified 
tendon  tissue  dis&acted  and  broken  up  preparatory  to  being 
transformed  by  osteoblasts  into  true  bone,  fielow  this  we  meet 
with  the  typical  lamellar  bone  with  its  lacunsa,  canaliculi,  and 
Haversian  channels  all  complete. 

Longitudinal  sections  show  the  same  process  going  on,  and  in 
addition  gives  us  good  views  of  the  part  which  vessels  play  in 
the  process.  The  vessels  of  ordinary  calcified  tendon  observe,  in 
the  main,  a  longitudinal  course ;  but  channels  of  considerable 
size  run  inwards  from  the  periphery.  A  deeply  stained  band  of 
true  bone,  less  granular  and  opaque  than  the  calcified  tendon 
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tissue,  can  often  be  seen  surrounding  such  a  vascular  channel, 
in  specimens  where  ossification  properly  so-called  has  not 
appeared.  But  true  ossification  is  simply  an  extension  of  this 
perivascular  growth;  more  thorough  in  its  preparatory  tissue 
disintegration ;  more  extended  in  its  area ;  and  accompanied 
with,  we  might  say  caused  by,  a  great  increase  in  the  number  of 
vessels.  True  osteoblasts  may  be  seen;  and  though  anything 
like  a  specialised  marrow  cavity  is  never  present,  yet  spaces  of 
considerable  magnitude,  containing  true  myeloid  tissue,  are 
frequently  met  with.  But  the  bone  is  always  very  compact 
Altogether,  with  the  exception  that  we  have  no  primary 
medullary  spaces,  and  that  the  process  of  destruction  of  the 
calcified  matrix  is  altogether  less  complete  and  elaborate,  we 
have  here  a  close  resemblance  in  all  essential  points  to  the 
ordinary  forms  of  ossification  in  cartilage.  The  prime  distinc- 
tion, however,  relates  to  the  duration  of  the  two  tissues.  If  we 
regcurd  the  life  of  the  bird,  calcification  is  the  normal  and  per- 
manent process;  ossification  comes  in  towards  the  end  of  the 
life  it  is  permitted  to  lead,  and  may  be  regarded  as  unimportant, 
almost  fortuitous.  But  still  it  comes  in  to  remind  us  once  more 
of  the  completeness  and  harmony  of  allied  processes  throughout 
the  animal  kingdom. 

This  normal  ossification  of  tendons  in  birds  is  imitated  with 
considerable  exactitude  in  the  inflammatory  osteogenesis  which 
lays  hold  of  tendons  and  ligament49  implicated  in  fractures  in 
man.  The  similarity  to  intracartilaginous  ossification  is  more 
close  in  the  latter  even  than  in  the  former  case.  The  steps  of 
the  process  may  be  followed  in  figs.  6,  5,  and  10.  The 
flattened  cells,  which  in  their  normal  state  can  scarcely  be 
detected  as  they  lie  between  the  tendinous  bundles,  start  forth 
from  their  concealment  and  appear  in  closely-set  regular  rows. 
They  go  on  increasing  in  size,  becoming  oval  or  even  round,  and 
ultimately  appearing  surrounded  by  a  distinct  cell  wall  and  a 
varying  amount  of  clear  pellucid  cell  contents.  The  intervening 
fibrous  bundles  swell,  and  become  more  wavy  in  texture  and 
more  vague  in  outline  (fig.  5).  At  this  stage  the  structure  is 
very  similar  to  normal  temporary  cartilage,  except  that  the  cells 
are  always  in  rows,  and  that  the  matrix  is  obscurely  striated  in 
lines  parallel  with  these  rows.    The  tissue  is  now  ready  for 
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calcification.  As  in  ordinary  calcification,  the  nodular  salts  are 
laid  down  primarily  in  the  areas  of  matrix  most  distant  from 
the  cells,  and  gradually  encroaches  on  the  cell  capsule.  But 
the  calcareous  infiltration  need  not  take  place  in  a  direction 
identical  with  the  cell  rows.  The  **  piling  "  of  cells  in  rows  is 
here  determined  by  their  normal  arrangement  between  the 
bundles,  and  not  by  any  developmental  preparation  for  calcifica- 
tion as  in  health  (fig.  10).  Frequently,  as  we  should  have 
expected,  the  invasion  with  calcareous  material  takes  place  from 
the  side  of  the  bundles,  and  not  along  their  course. 

After  a  longer  or  shorter  area  of  calcification,  we  meet  with 
attempts  at  vacuolation  which  correspond  to  the  primary  medul- 
lary spaces  in  the  normal  process.  Thereafter  may  be  found 
examples  of  the  development  of  true  bone  by  osteoblasts  in  ortho- 
dox manner,  and  the  history  of  the  process  is  then  completed. 

But,  as  a  matter  of  fact,  it  is  not  always  that  the  process 
reaches  the  stage  of  true  ossification.  The  advent  of  the  young 
medullary  tissue  may  cause  complete  absorption  without  the 
formation  of  any  true  bone.  And  it  must  not  be  supposed  that 
the  changes  can  be  seen  taking  place  evenly  or  on  one  level ; 
irregular  spicules  run  in  varying  directions  and  at  different  rates 
through  the  parent  tissue,  and  it  is  only  by  comparing  numerous 
sections  at  various  levels  that  the  course  of  events  can  be  followed. 

No  more  beautiful  example  could  be  cited  of  the  closeness 
with  which,  under  novel  conditions,  a  tissue  remains  true  to 
traditions  of  its  descent  than  the  behaviour  of  tendinous  struc- 
tures in  the  neighbourhood  of  fractures.  Dr.  Creighton  has 
shown  (in  a  previous  number  of  this  Journal)  how  tendon  cells 
exposed  to  the  influence  of  granulation  tissue  may  become 
assimilated  thereto  both  in  shape  and  in  function.  Here  we 
have  a  change  more  far-reaching  in  variety  and  extent ;  though 
perhaps  less  so  in  real  nature.  In  fractures  the  reversion  to 
embryonic  form  ceases  at  the  stage  of  fibro-cartilage ;  having 
got  so  far,  the  ossific  stimulus  lays  hold  of  it  and  transforms  it  in 
its  own  direction  for  its  own  purposes. 

In  illustration  of  this  process  of  tendon  ossification,  I  cannot 
refrain  from  alluding  to  a  closely  allied  one  which  I  found  going 
on  in  the  periosteum  overlying  two  specimens  of  carious  bone. 
On  the  anterior  aspect  of  the  great  trochanter  of  a  femur  excised 
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for  hip-joint  disease  there  existed  a  few  hard  nodules,  the  largest 
about  the  size  and  shape  of  a  split  pea,  rising  abruptly  from  the 
surrounding  bone,  and  covered  with  what  appeared  to  be  perios- 
teum. On  making  sections  of  these  I  found  that  they  consisted 
of  an  outer  shell,  which  was  simply  a  zone  of  calcifying  cartilage, 
and  contents  composed  of  areolar  bone  and  inflamed  medullary 
tissue.  Very  similar  appearances  were  subsequently  found  on 
the  under  surface  of  a  carious  os  calcis.  The  inflamed  medullary 
tissue  had  burst  the  compact  shell,  elevating  a  blister  of  perios- 
teum ;  a  protective  periostitis  was  set  up,  followed  by  attempts 
at  calcification.  The  interest  was  in  the  fact  that  the  develop- 
ment of  new  bone  was  not  such  as  we  find  subsequently  to 
periosteal  inflammation  (and  such  as  existed  in  other  parts  of 
these  bones),  but  apparently  through  the  medium  of  temporary 
cartilage.  The  bone  had  chanced  to  give  way  under  a  ligamen- 
tous insertion,  the  tendon  became  embryonic  and  cartiLtginous, 
and  behaved  under  the  ossific  stimulus  as  cartilage  usually  does. 
No  pure  periosteal  tissue,  except,  perhaps,  under  the  influence 
of  a  very  near  and  veiy  powerful  infection,  could  exhibit  such 
changes. 

Such  1b  the  nature  of  the  typical  transformations  of  ligamen- 
tous tissues  concerned  in  fracture  repair.  But  the  other  fibrous 
or  cellular  tissues  abounding  in  the  neighbourhood  exhibit  similar 
or  allied  changes.  Sometimes,  as  in  fig.  7,  we  see  a  decided 
change  to  the  cartilaginous  form.  Fig.  9  shows  a  mixture  of 
the  fibrous  and  cartilaginous  forms,  only  the  cartilaginous  tissue 
is  breaking  up  before  it  has  been  calcified.  In  fig.  13,  again,  we 
have  a  good  specimen  of  calcif}dng  cellulitis  abutting  on  an  area 
of  cartilaginous  structure.  It  is  curious  that  in  both  these 
specimens  the  cellular  tissue  should  have  become  impregnated 
with  calcareous  material  before  the  cartilaginous;  and  this  is 
no  uncommon  occurrence.  Transitional  appearances  in  great 
variety,  many  of  them  of  great  beauty  and  interest,  but  too 
numerous  to  be  particularly  specified,  are  met  with  in  every 
specimen  of  fracture  repair. 

I  believe  that  the  ligamentous  tissues  and  their  congeners 
are  of  prime  importance  in  fracture  repair.  They  stand  pre- 
eminent in  their  capacity  for  becoming  ossified.  Their  wide 
distribution  enables  them  to  carry  the  ossific  infection  far  out 
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into  the  sarroanding  transformed  and  neoplastic  tissues.  If  we 
include  ordinary  cellular  or  areolar  tissues — which  we  may  with 
justice  do^and  remember  how  readily  its  meshes  become  charged 
with  the  products  of  inflammation,  we  cannot  fail  to  put  a  high 
value  on  this  variety  of  tissue  as  an  element  it  callus  growth. 

Fibro-cartilage. — Under  ordinary  circumstances  this  tissue 
does  not  play  an  important  part  in  the  repair  of  fractures.  I 
have  had  opportunities  of  studying  its  behaviour  only  in  three 
of  these  cases,  viz.,  4,  7,  and  9 — one  of  the  neck  of  the  femur 
and  two  of  the  vertebras. 

In  the  femoral  fracture  a  bridge  of  white  fibro-cartilage  united 
the  margin  of  the  articular  cartilage  above  with  the  perichon- 
drium  of  the  neck,  and  this  was  infiltrated  with  bone  salts, 
except  where  it  was  in  immediate  contact  with  the  bone,  that  is, 
where  movement  was  most  felt.  The  tissue  itself  had  undergone 
Uttle  change.  Irresponsive  to  the  inflammatory  stimulus,  and 
being  a  ready-made  matrix  for  calcareous  invasion,  this  was  just 
as  we  might  have  expected. 

Very  slight  changes  were  found  in  the  intervertebral  cartilages. 
Here  the  calcareous  material  was  very  dense,  and  the  tissue  was 
very  hard,  clear,  and  glistening.  As  a  result  probably  of  the 
fine  subdivision  of  the  salts,  this  form  of  calcification  would  seem 
to  be  very  permanent,  for  it  existed  in  the  case  of  eleven  months 
standing  (fig.  12).  In  both  the  cases  of  fractured  vertebra  the 
calcified  fibro-cartilage  took  an  important  share  in  consolidating 
the  union.  At  parts  where  the  overlying  ligaments  came  in 
contact  with  the  intervertebral  fibro-cartilage,  the  different 
behaviour  of  the  two  tissues  under  the  ossific  infection  stood  out 
in  striking  contrast  In  the  intervertebral  disks,  the  calcifying 
process  showed  a  distinct  preference  for  the  more  purely  fibrous 
portions  of  the  tissue ;  the  central  portions  were  calcified  only 
slightly  at  their  attachment  to  the  bona 

Indications  of  similar  changes  were  visible  in  the  fibro- 
cartilage  forming  the  grooves  for  the  tendons  of  the  peronei  on 
a  fractured  fibula.  Slight  participation  in  the  inflammatory 
change,  and  a  passive  infiltration  with  bone  salts,  seems  to  be 
the  ordinary  behaviour  of  fibro-cartilage  involved  in  fracture. 
This  is  in  accord  with  what  we  should  expect  from  the  normal 
histology  of  the  tissue. 
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Medulla, — The  behaviour  of  medulla  where  it  makes  an  exit 
through  vascular  foramina  and  commingles  with  the  exudative 
material  thrown  out  under  a  stripped  periosteum  has  already 
been  considered.  Yellow  marrow  can  have  an  influence  on 
fracture  repair  only  by  virtue  of  its  sparse  connective  tissue 
and  small  round  cells ;  and  this  influence,  from  the  very  nature 
of  the  tissue,  must  be  small.  But  more  is  to  be  expected  from 
the  highly  organised  and  sensitive  pink  marrow  which  fills  up 
the  spaces  in  cancellous  bone. 

The  existence  of  living  bone  may  be  described  as  a  sort  of 
equipoise  between  the  cotemporaneous  processes  of  absorption 
and  deposition.  An  increment  of  nutrition  begotten  of  inflam- 
mation may,  according  to  its  amount,  result  in  a  simple  addition 
of  new  bony  tissue  or  in  an  absorption  of  old.  Most  frequently 
it  starts  with  excess  of  absorption,  and  goes  on  to  increased 
deposition.  In  the  end  the  proper  balance  is  recovered  by  a 
absorption  of  the  neoplastic  bony  growth. 

In  every  case  the  amount  of  primary  rarefaction  will  vary 
with  the  degree  of  inflammation  and  the  reactive  power  of  the 
tissues ;  and  the  oncome  of  sclerosis  will  depend  on  the  rapidity 
with  which  the  inflammatory  excess  of  nutrition  fades  away. 
Though,  at  the  time  of  examination  of  any  given  instance,  the 
naked  eye  might  find  very  little  evidence  of  sclerosis  or  rare- 
faction ;  yet  the  microscope  seldom  fails  to  reveal  evidences  of 
previous  bony  new  growth  and  absorption.  This  may  be  con- 
cluded when  we  find  numerous  deeply,  stained  laminae  overlying 
the  old  bony  trabeculee,  and  filling  up  jagged  hollows  caused  by 
the  primary  absorption ;  and  when  also  we  find  that  these  new 
laminse  themselves  are  undergoing  absorption  with  more  rapidity 
than  is  observed  in  the  normal  process  during  health. 

Here  we  are  brought  face  to  face  with  the  harassed  question 
as  to  the  part  which  the  bone  corpuscles  play  in  the  disintegra- 
tion of  bone.  The  more  I  see  of  the  process  of  absorption  of 
bone,  the  more  I  am  convinced  of  the  comparatively  insignificant 
part  which  the  bone  corpuscles  pLay  therein.  In  the  most 
varied  forms  of  bony  absorption  I  have  never  met  with  con- 
vincing proof  that  the  bone  cells  take  any  active  or  initiatory 
function.  Conclusions  drawn  from  the  appearance  of  lacunar 
hollows  representing  the  disintegration  of  corpuscular  areas  of 


THK  HISTOLOOT  OF  FRACTURE  REPAIR  IN  MAN.  189 

nutrition  are  not  wholly  to  be  trusted.  These  hollows  are  just 
as  likely  to  have  been  formed  by  a  passive  disintegration  along 
the  primary  lines  of  construction  as  by  an  active  absorption  by 
a  bone  cell  extending  as  far  as  its  limits  of  vital  activity  can 
go.  The  best  specimens  of  lacuna  which  I  have  seen  were 
derived  from  the  stump  of  a  femur  which  protruded  after 
amputation,  and  which  was  undergoing  absorption  by  healthy 
granulations.  On  comparing  the  leading  positions  and  shapes 
of  these  hollows,  it  appeared  that  they  exhibited  a  decided 
preference  for  certain  positions  among  the  Haversian  systems, 
and  in  these  selected  spots  observed  a  peculiarity  of  shape 
which  suggested  a  different  mode  of  origin.  Such  positions 
were  where  three  or  more  ossicles  meet,  that  is,  where  the  outer 
lamellae  of  several  Haversian  systems  abut  on  each  other.  At 
such  points  there  is  a  packing  of  bone  which  differs  in  several 
respects  from  true  lamellar  bone.  It  is  always  irregular,  is  not 
disposed  in  lamellae,  and,  in  bones  not  too  old,  frequently 
retains  a  remnant  of  the  originally  calcified  framework  of  the 
primary  medullary  spaces.  The  first  deposit  of  bone  is  in  globes 
filling  up  those  festooned  hollows  in  the  calcified  framework, 
and  a  considerable  amount  of  it  is  left  behind  among  the  ossicles 
far  removed  from  vascular  influence  and  subject  to  little  change. 
The  process  of  pulling  down  proceeds  on  the  lines  of  the  build- 
ing up.  These  calcified  globes  being  removed,  rounded  hollows 
are  left;  the  cell  support  being  broken  down,  the  cell  is  set 
free.  Over  and  over  again  the  same  appearances  repeated 
themselves,  viz.,  the  three  or  four  sides  of  a  large  absorption 
cavity  composed  of  lamellae  becoming  disfracted  in  layers ;  and ' 
the  angles,  which  represented  also  the  points  where  several 
ossicles  joined  dug  out  into  several  lacunae  filled  with  granular 
detritus  and  active  marrow  cells.  Eegarding  such  instances  as 
crucial,  and  extending  our  generalisation  from  these  to  less 
striking  examples,  we  are  driven  to  the  conclusion  that  the  bone 
corpuscles  take  little  share  in  the  process  of  bony  disintegration. 
The  function  of  giant  cells  in  absorption  is  still  a  matter  of 
some  obscurity.  I  have  elsewhere  expressed  an  opinion  that 
their  function  and  purpose  have  been  exaggerated  in  one  form  of 
bony  absorption — ^the  carious ;  and  further  experience  confirms 
me  in  the  belief  that  they  have  generally  been  made  too  much 
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of.  There,  is  no  doubt  that  they  are  found  in  greatest  abun- 
dance where  bony  absorption  is  going  on  actively,  and  in  posi- 
tions which  strongly  suggest  that  they  take  an  active  part 
therein.  But  constant  concomitance  need  not  imply  a  relation  of 
cause  and  effect.  A  priori  it  would  seem  surprising  that  a  large 
unwieldy  mass  of  granular  protoplasm  with  a  few  imprisoned 
nuclei  should  be  chosen  for  the  deUcate  and  difficult  process  of 
bony  absorption.  And,  in  the  face  of  the  fact  that  by  far  the 
greatest  amount  of  bony  disintegration  takes  place  in  the  pre- 
sence of  small  round  succulent  cells  with  abundant  vascular 
supply,  we  must  admit  that  giant  cells  are  at  least  unnecessary 
to  absorption.  Everywhere  else  in  the  economy  special  nutri- 
tive activity  is  attended  with  increase  in  the  number  and 
diminution  in  the  size  of  the  engaged  cells.  Why  should  bone 
be  the  only  exception  ?  I  would,  therefore,  conclude  that  the 
giant  cells  in  bony  absorption  are  eflfects  rather  than  causes ; — 
masses  of  granular  protoplasm  which  have  remained  coherent, 
partly  because  they  happen  to  have  the  protection  of  a  bony 
hollow,  partly  because  they  have  not  been  brought  under  the 
disintegrating  influence  of  abundant  vascular  supply. 

Whatever  may  be  the  part  played  by  the  individual  tissue 
elements,  there  need  be  no  dispute  as  to  the  aggregate  result 
When  the  pink  marrow  has  responded  to  the  inflammatory 
stimulus,  and  become  fully  vascularised,  it  causes  bony  rarefac- 
tion to  begin  with.  But  alongside  of  this  a  development  of  new 
bone  by  the  marrow  tissue  proper  is  begun  on  the  surface  of  the 
old  bone,  and  this  new  growth  is  carried  out  for  varying  dis- 
tances, to  meet  the  periosteal  callus  material.  This  increment 
of  new  bone  is  usually  confined  at  first  to  the  periphery  of  the 
compact  bone;  over  the  fractured  ends  new  bone  does  not 
appear  till  a  period  considerably  later.  The  delay  in  the  latter 
case  is  caused,  as  has  been  already  indicated,  by  the  presence  of 
a  greater  or  less  amount  of  the  sluggish  clot  tissue  entangled  in 
the  jagged  fragments. 

So  far  as  I  have  seen,  medullary  tissue  contributes  to  fracture 
repair  only  by  the  direct  development  of  true  bone.  As  a  con- 
nective tissue  we  might  have  expected  that  it  would  sometimes 
undergo  changes  similar  to  its  congeners  and  become  calcified  ; 
but  I  have  never  found  evidence  that  it  does  so.    This  may  be 
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explained  by  the  fact  that  an  inflammation  in  marrow  runs 
rather  to  cellular  hyperplasia  than  to  serous  exudation,  and  an 
important  desideratum  in  a  tissue  of  calcification  is  that  it  shall 
be  provided  with  an  abundance  of  extra-cellular  matrix. 

By  causing  rarefaction  of  the  surface  of  compact  bone  in  the 
neighbourhood  of  a  fracture,  and  by  sending  out  new  bony 
material  into  the  overlying  callus  tissue,  the  marrow  may  be  said 
to  take  the  chief  share  in  welding  together  the  parts  which  are 
to  form  the  permanent  bond  of  union. 

The  ordinary  calcified  callus  material,  by  its  very  nature 
unstable,  is  soon  completely  removed,  perhaps  never  to  be 
replaced  by  true  bone,  but  the  bone  that  is  produced  by  marrow 
is  perfect  from  the  beginning,  and  need  never  be  absorbed.  The 
slow  restitution  of  the  balance  between  bony  growth  and  repair, 
and  the  general  resumption  of  their  proper  functions  by  the 
injured  marrow  and  periosteum,  bring  about  a  removal  of  surplus 
bone  wherever  it  may  be,  and  a  deposit  of  new  bone  wherever 
it  may  be  required.  The  rounding  off  of  protruding  points,  and 
the  restitution  of  the  medullary  cavity,  processes  which  may  take 
years  to  complete,  now  conclude  the  cycle  of  fracture  repair. 

Callus  Cartilage. — Billroth,^  speaking  of  the  appearances  met 
with  in  a  fracture  in  the  rabbit  of  ten  to  twelve  days'  standing, 
thus  refers  to  callus  cartilage  : — "  The  spindle-shaped  swelling 
of  the  soft  parts  has,  for  the  most  part,  the  appeamnce  and  con- 
sistence of  cartilage,  and  agrees  therewith  microscopically;  in  the 
medullary  canal  also  we  find  fresh  formation  of  cartilage  in  the 
vicinity  of  the  fracture.  The  broken  bone  lies  in  this  cartilage, 
just  as  if  the  two  fragments  had  been  dipped  into  sealing-wax 
and  stuck  together."  If  it  were  necessary  specially  to  emphasise 
the  fact  that  the  repair  of  fractures  in  man  is  widely  difierent 
from  the  same  process  among  the  lower  animals,  such  a  descrip- 
tion as  the  above  might  be  appealed  to.  Except  perhaps  in 
young  children,  we  see  nothing  approaching  to  this  abundant 
formation  of  the  so-called  callus  cartilage  in  man. 

In  the  specimens  which  I  have  examined  the  part  played  by 
callus  cartilage  in  repair  was  almost  ridiculously  small.  In  fact, 
judging  from  the  above,  I  should  scarcely  have  postulated  the 
existence  of  such  a  tissue  as  callus  cartilage  at  all.     I  know  of  no 

*  "  Surgical  Pathology,"  New  Syd.  Soc.  Trans,  vol.  i.  p.  247. 
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new  tissue  resembling  cartilage  that  cannot  be  referred  to  a 
metamorphosis  of  old  tissue.  The  most  perfect  mimicry  of 
cartilaginous  tissue  is  provided  by  transformed  fibrous  and 
ligamentous  structures.  Coming  after  this,  the  oedematous  out- 
lying areolar  tissues  with  sparse  fibres  and  large  round  cells 
lying  in  a  glassy  homogeneous  matrix,  often  have  a  close 
resemblance  to  true  hyaline  cartilage.  Even  clot  tissue  may,  as 
we  have  seen,  be  transformed  by  a  process  of  infection  carried 
bodily  through  it  into  something  very  like  cartilage ;  and  other 
tissues  in  various  degrees  cany  out  the  resemblance. 

But  none  of  these  are  true  cartilage.  They  are  old  tissues 
transformed  into  a  condition  which  we  know  to  be  histologically 
suitable  for  infiltration  with  calcareous  salts,  and  nothing  more. 
Where  these  old  tissues  do  not  readily  undergo  inflammatory 
changes  in  this  direction,  the  calcifying  influence  still  does  its 
best,  and  lays  hold  of  them  also.  This  influence  does  not  over- 
look those  sluggish  tissues  and  have  recourse  only  to  the 
specially  prepared  callus  cartilage.  Doubtless  if  the  nidus  for 
bony  new  growth  in  man  were  callus  cartilage  alone,  the  repair 
of  fractures  would  be  a  more  rapid  and  perfect  proceeding 
altogether.  But  tissues  thirty  or  forty  years  old  in  the  human 
adult  are  not  so  plastic  as  in  one  of  the  lower  animals,  which 
will  probably  have  reached  only  its  fourth  or  fifth  year.  An 
ideally  perfect  nidus  for  bony  development  in  human  fractures 
not  being  forthcoming,  the  best  is  made  of  an  imperfect  trans- 
formation of  the  old. 

I  do  not  argue  that  this  callus  cartilage  in  the  lower  animals 
is  not  a  new  growth  specially  provided  for  the  purposes  of 
fracture  repair.  All  I  would  maintain  is  that  I  have  seen 
nothing  to  show  that  it  is  such  in  man.  In  fact,  had  our  in- 
vestigations been  confined  to  human  fractures,  I  doubt  if  we 
should  ever  have  heard  the  term  ''  callus  cartil^e  "  at  alL  At 
all  events  we  should  never  have  credited  the  small  tracts  and 
areas  of  cartilaginous-looking  tissue  which  run  ahead  of  a  line 
of  calcification  or  traverse  the  mass  of  inflammatory  embryonic 
tissue  with  being  the  only,  or  even  the  chief  medium  in  which 
the  uniting  bone  is  to  be  developed. 

For  the  whole  process  of  fracture  repair  we  might  give  a 
generalised  summary  as  follows : — 


THE  HISTOLOGY  OP  FRACTURE  REPAIR  IN  MAN.  189 

A  plastic  parent  tissue  is  provided  partly  by  the  swollen  and 
inflamed  pre-existing  tissues,  partly  by  organised  inflammatory 
neoplasm.  The  ossific  stimulus  lays  hold  of  this  parent  tissue 
and  infects  it  with  the  first  change  towards  ossification,  viz.,  cal-* 
cification.  The  calcifying  process  proceeds  along  numerous 
irregularly  disposed  lines  through  the  parent  tissue  modifying  it 
finally  before  it  completely  invades  it  This  modification  of 
matrix  ahead  of  the  line  of  calcification  consists  chiefly  of 
a  swelling  of  the  intercellular  substance  bringing  about  an 
occasional  resemblance  to  ordinaiy  hyaline  cartilage.  When 
the  process  is  completed  by  the  formation  of  an  areolar  calcified 
tissue  containing  variously  modified  embryonic  substance  in  its 
meshes,  we  have  the  great  mass  of  so-called  bony  callus.  This 
callus  material  soon  begins  to  undergo  the  further  changes 
towards  true  ossification;  namely,  absorption  of  the  calcified 
substance  and  development  on  these  calcified  lines  of  true 
lamellar  bone  by  osteoblasts  derived  from  outgrowing  marrow  or 
cambium  layer  of  periosteum. 

But,  as  a  matter  of  fact,  except  in  special  positions,  the  com- 
pletion of  the  ossific  process  is  rarely  reached.  The  phjrsiological 
completion  in  the  development  of  true  lamellar  bone  is  seen  in 
the  permanent  uniting  medium  between  the  fractured  ends. 

A  summarised  statement  of  the  parts  played  by  the  in-* 
dividual  tissues  concerned  may  be  given  as  follows : — 

Blood  Clot. — ^The  greater  part  of  the  efiused  blood  is  absorbed 
and  disappears.  Some  amount  of  blood  clot  usually  remains  in 
certain  positions  to  become  organized.  After  oiganisation,  more 
or  less  perfect,  it  may  either  directly  become  a  parent  tissue  for 
bony  growth,  or  undergo  further  transformation  towards  this 
end.  Blood  clot  organises  by  preference  in  the  exposed  medul- 
lary canals  and  over  the  jagged  ends  of  the  broken  bones. 
Where  it  forms  the  chief  nidus  for  ossification,  bony  union  is 
longest  delayed. 

Pmos^etem.— -Periosteum  contributes  to  fracture  repair  rather 
by  virtue  of  its  position  as  a  fibrous  tissue  than  through  its 
ordinary  function  as  a  bone  producer.  Periosteal  callus  is 
rather  a  calcifying  cellulitis  than  an  ossifying  periostitis.  Perio- 
steum does  not  undergo  very  much  change  preparatory  to 
calcification.    The  calcified  periosteal  trabecular  are  the  least 
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perfectly  developed  and  the  most  unstable  of  all  the  areolar 
bony  callus  material  Shreds  of  periosteal  fibre  traversing 
embryonic  inflammatory  tissue  contribute  materially  to  the 
rapidity  with  which  calcification  is  carried  out 

Tendon  and  Ligament. — ^Where  present  these  tissues  play  an 
important  part  in  the  ossifying  process.  Sometimes  undergoing 
calcification  without  exhibiting  material  change  of  structure, 
they  frequently,  however,  are  subjected  to  preparatory  modifica- 
tions which  assimilate  them  in  appearance  to  true  cartilage,  and 
thereafter  behave  in  ossification  as  ordinary  cartilage  does.  The 
presence  of  an  abundance  of  ligamentous  tissue  should  warn  us 
of  a  possible  overgrowth  of  uniting  bone. 

Fibro-cartUage. — White  fibro-cartilage  may  become  calcified 
without  undergoing  preliminary  structural  changes.  The  cal- 
careous deposit  is  finely  divided  and  dense ;  and  the  advent  of 
the  absorptive  process  is  long  delayed.  As  a  temporary  bond  of 
union  it  is,  when  once  formed,  the  strongest  of  all 

New  inflammatory  tissue  contributes  to  bony  growth  after  it 
has  been  in  varjring  degrees  assimilated  to  the  formed  tissues  in 
its  neighbourhood.  Occasionally  it  assumes  a  resemblance  in 
structure  to  hyaline  cartilage. 

This  must  conclude  for  the  present  our  study  of  fracture 
repair.  In  a  future  paper  I  hope  to  extend  these  observations 
by  clinical  applications.  If  for  any  given  case  of  fracture,  by 
forming  an  estimate  of  the  amount  of  injury  present,  and  by 
bearing  in  mind  the  nature  of  the  tissues  involved  and  the 
potentiality  of  these  to  serve  as  bases  for  bony  growth,  we  should 
be  able  to  observe  special  precautions  towards  the  promotion 
of  union,  or  to  give  a  more  certain  prognosis  as  to  the  period 
when  union  will  be  complete,  we  should  have  made  a  step 
forward  in  our  treatment  of  this  large  class  of  surgical  injuries. 
In  most  cases  I  believe  this  can  be  done.  Some  fractures 
I  believe  to  be  systematically  overtreated ;  others  are  not  kept 
for  a  sufficient  time  at  rest  Occasionally,  where  there  is  a 
superabundance  of  callus  matrix,  our  determination  to  secure 
perfect  union  runs  to  the  extreme  of  bony  overgrowth  and 
perhaps  anchylosis.  And,  on  the  other  hand,  are  we  not  too 
prone  to  act  upon  the  experience  that  certain  fractures  rarely 
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unite  by  treating  them  as  if  union  never  were  possible  ?  To  the 
solution  of  these  and  such  problems  our  study  of  the  process  of 
fracture  repair  ought  to  be  directed. 

EXPLANATION  OF  PLATES  VL  AND  VIL 

Plate  VL — Eigs.  1,  2,  4,  cmd  5.  Bepreeenting  the  process  of  alveo- 
lation  of  blood-clot  Eig.  1  ( x  300)  shows  four  epithelial  cells 
embedded  among  the  blood  cell&  Eig.  2  ( x  300)  represents  the 
formation  of  a  hollow  apparently  by  means  of  those  large  cells. 
Eig.  3.  The  commonest  forms  of  trabecnlae  in  clot,  the  largest  and 
smallest  being  here  in  contact  Eig.  4  (  x  300).  A  more  advanced 
stage  of  the  same.  Eig.  5  (  x  300).  A  portion  of  the  wall  of  a  large 
cavity  which  was  surrounded  by  thick  trabeculse,  and  lined  with  large 
flattened  cells.  Fig.  6  (  x  500).  Specimens  of  large  yellow  granular 
cells  (t  haematoclasts)  distributed  through  the  clot  tissue.  In  some  of 
them  are  red  blood  discs.  Eig.  7  (  x  300).  Eepresents  a  transforma- 
tion of  blood  clot  into  a  structure  resembling  hyaline  cartilage.  The 
gradations  are  drawn  only  at  one  side.  Eig.  8  ( x  300).  Section 
through  fractured  articular  cartilage  with  adherent  blood  clot  Eig«  9 
(  X  300).  A  young  vascular  area  in  dot  tissue.  Two  tubes  are  seen  in 
longitudinal,  one  in  transverse  section.  Figs.  10  and  11  (x800). 
Longitudinal  and  transverse  views  of  the  earliest  stages  of  vascular 
growth.  Eig.  12  (x300).  Young  vessels  in  inflammatory  callus 
matrix.  Figs.  13  and  14  ( x  300).  Familiar  forms  of  embryonic 
tissue,  in  which  the  chief  amount  of  bony  callus  is  developed. 
Eig.  15  ( X  300).  Changes  in  clot  adherent  to  a  spicule  of  bone. 
Eig.  16  (  X  300).  Calcification  of  matrix  around  fat  cells. 

Plate  VIL — Fig.  1  ( x  100).  Areolar  calcification  of  periosteal  fibre 
and  growth  of  true  bone  by  periosteal  osteoblasts  going  on  side  by 
side.  Eig.  2  (  x  350).  Transverse  section  through  the  tip  of  a  calci- 
fying spicule  developing  in  periosteal  fibre.  Dense  calcified  area  con- 
'  teining  three  lacunae  is  surrounded  by  a  deeply-stained  zone  of  osteo- 
genetic  substance.  Eig.  3  (  x  150).  A  longitudinal  section  of  a  similar 
spicule.  '  Eig.  4  (  x  300).  Absorption  of  areolar  calcified  callus.  (The 
shading  is  done  too  smoothly  and  regularly.)  Eig.  5  (  x  100).  Trans- 
verse section  of  portion  of  a  turkey's  tendon,  showing  calcification  at 
the  periphery  (top  of  drawing),  and  true  ossification  in  the  centre 
(bottom).  Figs.  6,  8,  and  10  ( x  200).  Illustrating  the  steps  in  calci- 
fication and  ossification  of  tendinous  structures  in  fracture.  Eig,  7 
(x300).  Transformation  of  ligamentous  tissue  into  one  resembling 
cartilage,  with  incipient  calcification  at  bottom.  Figs.  9  and  13 
( X  300).  Transverse  and  longitudinal  sections  of  cideified  fibrous 
tissue,  each  with  portions  of  a  substance  resembling  cartilage.  Eig.  1 1 
(  X  300).  Calcified  "  callus  cartilage  *'  on  the  top  of  a  spicule  of  bone. 
Eig.  12  (xl50).  Calcified  fibro-cartilage  of  great  density,  showing 
little  structural  change,  and  becoming  absorbed  on  one  side. 
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COLLOID  DEGENERATION  OF  THE  NON-CYSTIO 
OVARY,  WITH  ASSOCIATED  VASCULAR  CHANGES.^ 
By  Henby  S.  Gabbett,  M.B.,  M.RC.P.,  Medical  Registrar  to 
the  London  Hospital,  AssistarU  Physician  to  the  Boyal  Chest 
Hospital,  Pathologist  to  the  Hospital  for  Women.  (Plate 
VIIL) 

In  a  considerable  number  of  ovaries,  especially  the  ovaries  of 
elderly  women,  the  following  appearances  may  be  seen : — Thin 
sections  examined  with  the  naked  eye  by  transmitted  light 
reveal  the  presence  of  more  or  lest  transparent  spots  of  various 
shapes  and  sizes.  Under  the  microscope  these  spots  are  found 
to  be  for  the  most  part  composed  of  a  homogeneous  material, 
semi-fluid  or  gelatinous :  the  smaller  traversed  in  all  directions 
by  trabeculae  of  the  stroma,  the  larger  clear  in  the  centre,  but 
showing  stromal  ingrowths  at  the  circumference.  The  material 
contained  in  these  spaces  is  unaffected  by  acetic  acid;  it  is 
readily  hardened  by  alcohol  and  other  agents,  which  at  the  same 
time  no  further  alter  its  appearance  than  by  rendering  it  whitish 
and  opaque  when  seen  by  reflected  light,  and  by  producing  a 
certain  amount  of  shrinking  and  cleavage.  Thus  satisfactory 
sections  may  be  made  from  a  haidened  ovary  and  stained  as 
desired.  Hssmatoxylin  gives  good  results:  when  a  double 
staining  is  produced  with  hsematoxyUn  and  eosin,  a  very  beau- 
tiful  preparation  may  be  obtained,  the  material  of  the  softened 
patches  being  deeply  coloured  by  the  eosin,  while  the  stroma 
and  its  prolongations  take  the  logwood  more  especially.  Car- 
mine stains  the  new  substance ;  picric  acid  does  not  affect  it 
Iodine  produces  no  coloration. 

Stained  sections,  mounted  in  glycerine,  dammar,  or  Canada 
balsam,  show  that  the  very  smallest  patches,  which  are  of 
microscopic  dimensions,  not  exceeding  the  size  of  two  or  three 

^  Thla  paper  was  written  before  the  publication  of  the  Jottmal  qf  Analcmy  and 
Physiology  for  July  1881,  and  therefore  contains  no  reference  to  an  article  by  Dr 
Vincent  Harris  and  Mr  Alban  Doran  on  the  '*  Ovary  in  Incipient  Cystic  Disease. 
But  I  have  added  a  note  to  explain  the  reasons  why  I  diffor  from  their  conclu- 
sions in  a  part  of  their  article. 
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undeveloped  ovisacs,  are  usnaUy  irregularly  oval,  the  long  axis 
being  determined  by  the  general  course  of  the  tissue  of  the 
stroma.  They  are  minutely  subdivided  by  fine  trabecule,  which 
have  all  the  appearance  of  being  teased  out,  so  to  speak,  by  the 
accumulation  of  some  substance  within  their  meshes.  These 
stromal  trabecular  consist  of  fibres  and  cells  apparently  quite 
unaltered,  and  in  favourable  specimens  minute  blood-vessels 
may  be  seen  in  them.  The  intruding  material  is  structureless, 
resembling  ground  glass  in  appearance,  and  contains  no  trace  of 
cells  or  nuclei  The  spaces  are  bounded  by  the  normal  stroma, 
which  shows  no  sign  of  condensation  or  any  other  change  in 
their  neighbourhood.  There  is  no  increased  vascularity  about 
the  patches.  The  larger  spaces  can  be  shown  in  many  cases  to 
result  from  the  fusion  of  several  of  the  smaller :  they  are  in  all 
important  respects  identical  with  the  latter ;  processes  of  fibro- 
eellular  tissue  run  into  them,  accompanied  by  vessels,  and  the 
contained  substance  is  microscopically  similar.  In  some  of  the 
larger  patches,  however,  the  central  parts  show  a  new  process  of 
degeneration :  instead  of  the  cloudy  material  elsewhere  observed, 
the  centre  is  composed  of  coarsely  granular  debris,  often  associ- 
ated with  altered  blood,  the  result  of  old  extravasations.  More- 
over, the  trabecule  in  these  patches  are  commonly  of  considerable 
dimensions,  but  never  completely  traverse  the  spaces.  It  may 
be  noticed  here  that  in  some  of  these  larger  degenerate  structures, 
saoh  as  can  be  easily  recognised  with  the  naked  eye,  the 
boundary  line  of  stroma  may  seem  at  first  sight,  when  examined 
without  the  microscope,  or  with  a  very  low  magnifying  power, 
to  present  a  very  distinct  demarcation,-^so  distinct,  in  fact,  as 
to  resemble  a  cyst  wall.  Closer  observation,  however,  will 
always  show  this  appearance  to  be  deceptive,  and  to  be  mainly 
produced  by  the  shrinking  of  the  new  substance  under  the  influ- 
ence of  the  hardening  agent.  In  the  very  largest  patches,  I 
have  always  found  processes  running  inwards  from  the  stroma, 
and  the  neighbouring  tissue  unaltered  except  by  the  existence 
of  minute  degenerate  points  such  as  those  described  above. 
There  is  never  a  trace  of  epithelial  lining.  In  the  more  advanced 
stages,  as  in  the  earUer,  there  is  an  entire  absence  of  increased 
vascularity;  but  there  is  a  remarkable  change  in  the  blood- 
vessels, which  will  require  a  separate  description.     (In  the 
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figure,  a  represents  an  early  stage  of  the  change,  and  b  part  of  a 
large  space,  as  seen  with  No.  7,  Hartnack.) 

Not  unfrequently  associated  with  this  change  in  the  ovary  is 
another  entirely  distinct  from  it,  which  may  be  briefly  alluded 
to  here  to  prevent  errors  in  observation.  In  some  of  the 
transparent  spots  mentioned  at  the  beginning  of  this  paper, 
there  is  no  deposition  of  a  new  substance,  but  simply  a  destruc- 
tive rarefaction  of  the  stroma,  together  with  the  formation  of 
branching  cells  with  long  processes;  a  fine  web  of  delicate 
filaments « is  seen  in  these  spaces;  some  of  the  filaments  are 
apparently  derived  from  the  tissue  of  the  stroma,  others  are 
prolonged  from  the  branching  cells ;  within  the  meshes  we  find 
altered  blood  and  large  granular  bodies  with  distinct  nuclei. 
The  spaces  seem  to  grow  rapidly,  they  contain  no  vessels  which 
can  be  recognised,  and  their  centre  always  breaks  down  in  a 
short  time  into  a  mass  of  dibris.  I  may  add  that  in  two  or 
three  instances  I  have  found  these  filamentous  patches  bordered 
by  stroma,  which  showed  an  infiltration  of  the  colloid  material ; 
but  beyond  this  apparently  accidental  association,  the  two  pro- 
cesses seem  to  be  essentially  distinct.  Whatever  the  significance 
of  these  structures  may  be,  they  have  no  connection  with  the 
subject  of  this  paper. 

With  r^ard  to  the  conditions  under  which  the  colloid  change 
occurs,  I  can  only  speak  from  my  own  observations,  having  been 
unable  to  discover  in  any  author  a  minute  description  of  the 
change  in  the  non-cystic  ovary,  (1)  It  is  most  frequently  met 
with  in  the  atrophied  ovaries  of  women  after  the  menopause. 
(2)  The  degeneration  is  often  associated  with  chronic  ovahtis 
or  peri-ovaritis  with  adhesions.  (3)  It  is  occasionally  seen  in 
ovaries  which  have  been  the  subjects  of  repeated  and  intense 
congestions,  as  indicated  by  follicular  haemorrhages,  &c.  (4) 
Lastly,  I  have  found  an  early  stage  of  the  change  in  ovaries 
which  in  all  other  respects  seemed  normal  I  have  not  as  yet 
seen  it  in  any  ovary  before  the  age  of  twenty.  The  specimens 
exhibiting  the  most  advanced  stage  have  been  from  elderly 
women.  The  degeneration  is  also  met  with  in  ovaries  beginning 
to  be  cystic,  and  in  the  walls  of  cystomata ;  but  with  these  cases 
I  am  not  at  present  concerned. 

In  investigating  the  origin  of  the  colloid  patches,  the  first 
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thing  requisite  is  to  discover  their  earliest  form.  Of  course,  the 
comparative  size  of  the  spaces  as  seen  in  a  section  is  of  no  value 
in  determining  this  point,  since  (1)  the  apparently  small  spaces 
may  be  in  reality  only  parts  of  larger  ones,  and  (2)  the  small 
may  be  older  than  the  lai^ge,  derived  from  them  by  a  process  of 
contraction.  Bearing  in  mind,  however,  these  and  other  obvious 
aources  of  error,  it  is  easy  to  satisfy  oneself  by  a  series  of  sections 
through-  an  affected  ovary,  that  the  youngest  patches  are  those 
described  above  as  of  microscopic  size,  and  traversed  i|i  all 
directions  by  a  fine  network  of  delicate  stromal  trabecular.  This 
point  having  once  been  settled,  it  seems  evident  that  the  change 
does  not  originate  in  Graafian  follicles,  or  in  the  fcetal  glandular 
tubes  of  PflUger  and  Waldeyer ;  since  in  the  earliest  stage  the 
spaces  are  minutely  subdivided  by  processes  of  ovarian  tissue, 
and  never  show  a  vestige  of  lining  epithelium.  It  is  equally 
clear  that  the  change  is  not  an  inflammatory  one,  in  the  ordinary 
sense  of  the  term.  Everything  tends  to  show  that  the  youngest 
spaces  are  produced  either  by  infiltration  of  a  new  material,  or 
by  localised  softenings  of  the  intercellular  substance.  The  latter 
view  is  the  more  probable.  That  the  intercellular  substance  is 
the  part  primarily  at  all  events  affected,  appears  to  be  shown  by 
the  fact  that  the  cells  of  stroma  immediately  bordering  the 
spaces  exhibit  no  change.  With  regard  to  the  precise  nature  of 
the  degenerative  softening,  it  is  hard  to  offer  any  definite  opinion, 
the  analysis  of  the  substance  being  attended  by  considerable 
difficulties:  the  term  ''colloid"  is  used  throughout  this  paper 
simply  to  indicate  the  formation  of  a  semi-fluid  or  gelatinous 
product  of  degeneration  which  does  not  exhibit  the  mucoid 
reaction  with  acetic  acid. 

The  following  are  briefly  my  oonolusions  as  to  the  history  of 
this  process  in  the  non-cystic  ovary.  The  microscopic  patches 
(which  by  the  way  are  usually  found  in  the  neighbourhood  of 
Graafian  follicles  of  some  size ;  never,  I  think  in  the  zone  of 
minute  ovisacs  near  the  surface,  and  never  in  the  tunica  albu- 
ginea ;)  grow  slowly  by  the  extension  of  the  softening  into  the 
surrounding  stroma,  and  by  the  junction  of  neighbouring  patches. 
The  growth  spreads  irregularly,  so  that  after  a  time  the  space 
contains  not  only  the  minute  primary  trabeculse,  but  also  large 
portions  of  the  stroma  which  have  escaped  the  change.     The 
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fine  trabecnlae  persist  for  a  considerable  time,  but  at  last  for  the 
most  part  disappear,  leaving  traces  in  the  shape  of  obscure  lines 
in  the  colloid  mass.  The  growth  of  the  spaces  does  not  proceed 
indefinitely!  but  after  a  certain  period  comes  to  a  stand-still ; 
when  this  occurs,  the  surrounding  stroma  appears,  as  it  were,  to 
accommodate  itself  to  the  shape  of  the  mass,  and  the  borders 
assume  a  smooth,  scalloped  appearance,  resembling  in  some 
measure  (as  already  mentioned)  a  cyst  walL  At  the  same  time^ 
it  is  common  to  find  granular  degeneration  in  the  centre  of  the 
mass,  and  some  cirrhosis  of  the  ovarian  tissue  generally.  As  a 
rule,  no  further  change  occurs,  save  consecutive  atrophy  of  the 
organ.  Thus,  an  ovary  in  the  final  stage  of  this  metamorphosis 
is  usually  small,  hard,  corrugated  on  the  surface,  and  consists  of 
a  shell  or  envelope  of  dense  tissue,  enclosing  a  coarse  framework 
which  contains  the  colloid  substance^  and  in  the  centre  a  fibrous 
core  supporting  the  blood-vessels. 

Structures  similar  to,  or  identical  with,  those  above  described, 
have  long  been  recognised  in  cystio  ovarian  tumours.  Rind- 
fleisch's  description  of  the  appearances  found  in  the  wall  of  a 
cystoma  of  his  second  variety  is  of  course  well  known.  .  Even 
such  an  early  writer  on  ovarian  pathology  as  Kiwisch  has  given 
a  minute  account  of  a  form  of  alveolar  degeneration,  which  consists 
in  a  breaking  up  of  the  stroma  into  closely  aggregated  alveoli» 
enclosing  a  homogeneous  substance  of  varying  degrees  of  con^ 
sistency.  Again,  Dr.  C.  G.  Ritchie  {CorUributions  to  Ovarian 
Physiology  and  Pathology,  1865),  describes  "the  variety  of  tumour 
in  which  the  substance  known  as  colloid  is  most  frequently 
found "  as  originating  in  '*  a  hypersecretion  into  the  meshes  of 
stroma  which  enclose  the  first  trace  of  the  Graafian  vesicle,*' 
which  *'  stromal  meshes  may  break  into  each  other,  and  form 
larger  or  smaller  cavities." 

It  is  to  be  noted  that  these  and  other  observers  refer  only  to 
appearances  found  in  cystic  tumours  of  some  size,  and  assign 
importance  to  the  colloid  change  as  representing  an  early  stage 
in  the  growth  of  the  tumour.  None  of  them,  so  far  as  I  am 
aware,  give  us  any  reason  to  believe  that  they  had  observed  the 
same  phenomenon  in  the  non-cystic  ovary,  or  were  at  all  aware 
of  the  great  frequency  of  its  occurrence.  There  is  an  obvious 
difficulty  in  accepting  any  theory  of  a  degenerative  process,  pure 
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and  simple,  producing  a  cyst  greatly  exceeding  the  normal 
dimensions  of  the  affected  organ.  It  is,  however,  impossible  to 
prove  that  the  colloid  spaces  may  not  under  certain  conditions 
acquire  a  secreting  epithelium,  and  thus  in  process  of  time  be- 
come'true  retention-cysts.  This  is  undoubtedly  Bindfleisch's 
view  of  the  destiny  of  the  transparent  spots  which  he  figures  in 
the  wall  of  a  cystoma;  and  he  even  seems  to  represent  an 
epithelial  lining  in  some  of  the  spots  still  very  minute,  and  still 
traversed  by  stromal  trabeculse.  This,  however,  is  certainly  not 
what  takes  place  in  ovaries  such  as  I  have  described.  My 
observations  lead  me  to  think  that  colloid  softening  is  one  of  the 
commonest  accidents  which  happen  to  the  ovary ;  that  it  has 
no  necessary  connection  with  cyst-formation ;  that  it  may  be 
found  under  certain  conditions  wherever  the  stroma  exists, 
whether  in  the  organ  otherwise  healthy,  or  in  the  wall  of  a 
cystoma ;  and  that,  whatever  may  be  its  ultimate  destiny  in  the 
latter  case,  in  the  former  it  simply  replaces  the  normal  stroma 
by  a  product  of  degeneration,  which,  together  with  the  commonly 
associated  cirrhosis,  tends  to  cut  short  the  functional  activity  of 
the  ovary,  and  finally  to  bring  about  atrophy. 

Allusion  has  been  made  to  a  remarkable  change  in  the  blood- 
vessels associated  with  colloid  degeneration  of  the  ovary.  The 
altered  vessels  are  usually  in  the  immediate  neighbourhood  of 
colloid  patches  of  some  size,  and  sometimes  penetrate  into  their 
interior.  In  the  most  advanced  stage  the  artery  is  so  changed  as 
to  present  the  appearance  of  a  solid  cylinder  without  any  lumen, 
the  transverse  section  showing  as  in  the  fig.  at  c  Three 
zones  are  to  be  observed  in  these  transverse  sections ;  externally 
a  thin  layer  of  unstriped  muscle,  next  a  broad  band  of  homo- 
geneous material  occasionally  containing  a  few  isolated  muscle- 
cells,  and  in  the  centre  a  mass  of  nuclei  heaped  up  in  confusion, 
which  seem  to  be  derived  from  the  endothelial  coat  In  the  less 
advanced  stages  a  lumen  may  be  detected  in  the  centre  of  the 
vessel  The  change  seems  in  all  oases  to  have  its  origin  between 
the  muscular  coat  and  the  endothelium:  the  resulting  clear 
material  stains  very  deeply  with  eosin,  so  that  the  diseased 
vessel  presents  an  appearance  which  immediately  attracts  the 
eye  in  sections  prepared  with  that  agent.  The  affected  vessels 
are  always  arteries,  from  a  size  just  visible  to  the  naked  eye 
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down  to  that  of  the  smallest  arterioles.  I  have  seen  nothing  to 
show  whether  the  change  commences  in  the  former  or  the  latter 
class ;  it  is  found  equally  advanced  in  both  in  the  same  specimen. 
The  larger  vessels  entering  at  the  hilus  are  never  affected.  I 
can  offer  no  suggestion  to  throw  light  on  the  nature  of  the 
degeneration ;  it  is  certainly  not  amyloid,  and  bears  no  resem- 
blance to  the  change  in  chronic  Bright's  disease ;  beyond  the 
fact  of  staining  with  eosin  just  mentioned,  I  have  found  no 
characteristic  reaction  in  the  altered  coat. 

This  arterial  disease  is  so  commonly  associated  with  colloid 
degeneration,  that  I  cannot  remember  having  met  with  the  latter 
without  some  evidence  of  the  former,  and  the  more  advanced 
the  colloid  change  the  more  the  vessels  in  the  neighbourhood 
seem  to  be  affected.  There  would  seem,  therefore,  to  be  some 
connection  between  the  two  phenomena ;  perhaps  the  vascular 
metamorphosis  is  secondary  to  the  degeneration  in  the  ovarian 
tissue,  perhaps  (and  this  appears  more  probable)  the  latter  is 
due  to  the  alteration  in  blood  supply  caused  by  the  arterial 
disease.  The  connection  is,  however,  by  no  means  a  necessary 
one,  since  the  altered  vessels  are  certainly  to  be  fouud  in  ovaries 
which  seem  healthy,  and  in  ovarian  tumours  of  different  kinds. 


DESCEIPTION  OF  PLATE  VIII. 

a,  a.  Eepresent  early  stages  of  the  change  in  the  stroma. 

b.  Is  part  of  a  large  colloid  mass.     Stromal  trabeculas  of  various 
sizes  are  seen  passing  some  way  into  the  interior. 

Cf  c.  Show  arteries  in  an  advanced  stage  of  disease. 

d.  A  vessel  with  lumen  still  distinct. 

e,  Eepresents  part  of  a  follicle  of  moderate  size,  containing  some 
coagulated  liquor  folliculi. 


Note. — The  authors  of  the  article  on  the  "  Ovary  in  Incipient  Cystic 
Disease  "  {Journal  of  Anatomy  and  Physiology,  July  1881),  put  forward 
the  view  that  one  variety  of  cyst  originates  in  a  process  of  abnormal 
involution  of  Graatian  foUicles,  in  which  there  is  an  active  ingrowth 
from  the  surrounding  stroma,  and  a  long  persistence  of  certain  remains 
of  the  membrana  propria.  The  description  and  figures  of  the  bodies 
resulting  from  this  process,  correspond  very  closely  with  the  appearances 
which  in  the  foregoing  paper  I  have  ascribed  to  a  degeneration  of  the 
stroma.  I  should  be  more  certain  of  the  identity  of  the  phenomena, 
were  it  not  for  the  authors'  allusions  to  "  opaque  tube-like  masses  "  in 
the  spaces,  an  appearance  which,  after  careful  re-examination  of  my 
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own  sections,  I  have  been  nnable  to  detect  Assuming,  howeyer,  that 
we  have  both  been  observing  the  same  structures,  it  is  clear  that  our 
conclusions  differ  widely.  I  am  not  sure  that  I  have  quite  followed 
the  reasons  which  have  convinced  Dr  Harris  and  Mr  Doran  of  the 
intra-f  ollicult^  origin  of  the  colloid  masses,  an  origin  which  they  believe 
to  have  been  overlooked  by  other  observers ;  nor  have  I  found  in  their 
article  any  reference  to,  or  explanation  of,  the  very  minute  spaces 
described  above.  Again,  it  is  by  no  means  clear  to  me  how  a  process 
'  of  '*  active  ingrowth  "  of  stroma  into  pre-existing  spaces  can  have-  any- 
thing to  do  with  cyst-formation ;  nor  why,  if  we  accept  that  view,  it 
should  not  be  easy  to  trace  the  steps  of  the  process  from  these  cystic 
bodies  up  to  unmistakeable  cysts.  Indeed,  I  hav^  been  unable  to  find 
in  the  article  any  reason  for  believiug  that  the  spaces  described  are  to 
be  regarded  as  the  origin  of  cysts,  further  than  the  fact  that  the  authors 
have  detected  them  in  ovaries  which  "afforded  presumptive  evidence 
that  they  were  in  a  state  of  incipient  cystic  disease '' — a  fact  which 
cannot  be  held  to  prove  much  if  similar  structures  are  often  found  in 
ovaries  which  afford  no  such  evidence.  But  I  shall  here  confine  my- 
self to  a  very  brief  statement  of  the  reasons  why  I  cannot  believe  that 
the  change,  as  I  have  observed  it,  has  an  intra-follicular  origio,  or  is 
connected  with  the  development  of  cystic  tumoura 

1.  If  the  degeneration  took  place  in  Graafian  follicles,  one  would 
expect  to  find  various  stages  of  the  change  in  the  same  specimen  or  in 
a  series  of  observations  on  different  ovaries,  i.e.,  some  follicles  retain- 

t^  ing  an  unmistakeable  membrana  granulosa  while  exhibiting  an  early 

formation  of  stromal  ingrowtiis,  &c.,  others  showing  a  more  advanced 
stage  in  the  morbid  involution,  and  so  on,  up  to  the  appearance  of  b 
in  the  figure.  I  have  not  observed  anything  of  the  kind;  on  the 
contrary,  the  smallest,  youngest  degenerate  patches  are  far  smaller  than 
follicles  normally  possessing  a  true  membrana  granulosa  ;  they  are  far 
more  minutely  subdivided  by  delicate  stromal  trabeculaB  than  the 
larger  spaces ;  and  they  never  show  a  trace  of  lining  membrane  or 
epithelium.  That  a  coUoid  change  does  take  place  in  Graafian  follicles 
undergoing  retrograde  metamorphoses  is  undoubtedly  true;  but  the 
resulting  appearances  do  not  resemble  those  above  described. 

2.  The  question  of  the  origin  of  cysts  is  one  of  such  consequence  In 
ovarian  pathology,  that  there  is  a  natural  tendency  to  assign  to  all 
morbid  appearances  an  importance  as  being  somehow  connected  with 
cyst  development  When  my  attention  was  first  directed  to  these 
colloid  patches,  I  was  misled  by  this  tendency,  and  described  them  as 
a  form  of  embryo-cysts.^  I  have  since  been  convinced  of  my  error, 
for  the  following  reasons : — -Jlrstf  because  when  the  change  occurs  in  a 
cystic  ovary,  the  truly  cystic  parts  bear  no  resemblance  to  the  parts 
affected  by  the  colloid  degeneration;  and  secondly^  because  I  have 
found  the  change  most  frequently  in  ovaries  which  were  certainly  not 
cystic,  which  afforded  no  reason  for  believing  that  they  would  ever 
have  become  so,  and  which  were  not  the  fellows  of  cystic  tumours  on 

->'  the  other  side. 

^  In  a  description  of  the  ovaries  contributed  to  a  report  of  a  case  of  Oophorec- 
tomy, by  Dr  He3rwood  Smith,  British  Medical  Journal^  July  12,  1879. 


ON  THE  PHALANX  MISSING  FROM  CERTAIN  DIGITS 
IN  THE  MANUS  OF  CHIBOPTERA.  By  G.  R 
DoBSON,  M.A.,  M.B.,  &c. 

In  a  paper  ''  On  the  Ossification  of  the  Terminal  Phalanges  of 
the  Digits/'^  the  object  of  which  is  to  demonstrate  that  ossifica- 
tion of  the  ungual  phalanx  commences  at  its  distal  extremity 
instead  of  at  the  centre  of  the  shaft,  as  in  the  other  phalangeal 
bones,  the  author  remarks,  that  ''the  peculiarity  described 
appeaiB  to  be  universal,  the  same  general  description  applying 
to  any  terminal  phalanx,  whether  taken  from  the  manus  or  pes, 
and  whether  belonging  to  a  fully  functional  or  to  a  mere  aborted 
digit,  such  as  the  second  and  fifth  in  the  manus  of  the  pig.  An 
examination  of  the  growing  bone  with  a  view  to  this  point  would 
probably  suffice  to  decide  whether  the  phalanx  missing  from 
certain  digits  in  the  manus  of  Pteropua  and  other  bats  is  really 
the  third  (as  described,  see  Flower,  Osteology  of  the  Mammalia, 
1876,  p.  264),  or  whether  it  may  not  rather  be  the  second." 

The  question  thus  raised  may,  I  think,  be  answered  without 
employing  the  method  of  investigation  suggested  by  Mr 
Dixey. 

In  all  the  frugivorous  bats  {Megachir&pterd)  there  are  three 
phalanges  in  the  second  digit,  but  none  of  the  other  digits  have 
more  than  two.  Which  of  the  phalanges  then  is  the  missing 
one  in  these  digits  ?  This  is  easily  determined  by  analogy,  if  we 
examine  the  condition  of  the  corresponding  parts  in  the  insecti- 
vorous species  {Microchiropteray 

In  Microchiroptera  a  rudimentary  cartilaginous  third  phalanx 
is  present,  though  hitherto  apparently  not  generally  recognised 
as  such,  in  the  three  last  digits  of  the  manus  of  most  of  the 
species ;  in  many,  moreover,  as  in  the  species  of  Phyllostamid(e, 
in  the  genera  Thyroptera,  Myxopoda,  and  ifystacina,  and  in  the 
species  Molossvs  perotis  and  Vesperugo  noditla,^  there  is  a  true 
ossified  third  phalanx  in  the  third  digit,  which,  as  previously 

^  By  F.  A.  Dixey,  Proe,  Soy.  Soc.  1880,  p,  66. 

*  Professor  Flower  showed  me  a  skeleton  of  this  species  in  the  collection  of  tLe 
Hnnterian  Mnseum,  in  which  an  apparently  perfectly  ossified  third  phalanx  of 
the  middle  digit  was  present. 
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remarked  by  me,  ''corresponds  evidently  to  the  cartilaginous 
extremity  of  the  second  phalanx  in  the  other  families  of  Micro- 
chiropteray  for  in  some  of  the  larger  species  of  Molossi  there  is  an 
imperfect  joint  terminating  the  osseous  portion  of  the  second 
phalanx  of  this  finger.^ 

In  the  VespertUionidce,  ErnbaUonuridcBy  and  Jffycteridce,  how- 
ever, as  a  general  rule,  the  terminal  phalanx  of  the  middle 
finger  is  cartilaginous,^  and,  as  such,  is  most  developed  in  the 
Vespertilionidce^  (in  many  species  of  which  there  is  a  distinct  but 
imperfect  joint  separating  it  from  the  second  phalanx),  and  least 
so  in  the  RhinolophicUB  and  Nycteridoe,  where  it  is  as  short 
(Megaderma),  or  nearly  as  short  as  the  cartilaginous  extremities 
of  the  fourth  and  fifth  digits ;  nevertheless,  its  identity  with  the 
cartilaginous  third  phalanx  of  the  third  digit  in  Vespertilionidcs 
cannot  be  doubted,  and  may  be  easily  demonstrated. 

In  every  species  of  Chiroptera,  in  which  the  middle  digit  has 
a  cartilaginous  extremity  in  the  full  grown  animal,  there  will  be 
found,  on  making  a  longitudinal  'section,  a  transverse  division 
separating  the  cartilaginous  part  from  the  extremity  of  the 
second  phalanx.  This  evidently  corresponds  to  the  perfect  joint 
at  the  end  of  the  second  phalanx  of  the  same  finger  in  Phyllo- 
stomidcB,  and  the  cartilaginous  portion  cut  off  by  it  to  the  third 
phalanx.  The  same  condition  may  be  also  observed  more  or  less 
distinctly  in  the  fourth  and  fifth  fingers  of  many  species  (for 
instance,  in  Vesperugo  noctula  and  in  V.  serotinus)^  whence  it 
follows  that  the  cartilaginous  extremities  of  these  digits  also  are 
really  unossified  rudimentary  phalanges.  Were  these,  in  many 
cases  very  short  rudimentary  phalanges,  to  suffer  still  further  re- 
duction, and  to  finally  disappear  altogether,  we  should  have  a 
condition  which  is  partly  typical  of  Megachiroptera,  in  which 
there  is  no  trace  of  a  third  phalanx  in  the  three,  last  digits.  We 
may,  therefore,  conclude  that  the  phalanx  missing  from  certain 
digits  in  the  manus  of  Pteropvs  and  other  bats  is  really  the 
third. 

'  Catal3gae  of   the   Chiroptera  in  the  collection  of   the  British  Museum, 
Introd.  p.  X. 

^  In  a  few  species,  as,  for  instance,  in  RhynchonyUeris  naao,  it  appears  to  be 
altogether  absent. 

'  See  Regalia,  "Contributo  alio  Studio  dei  Chirotteri  Italiani,"  Rivista  Scientifieo- 
Indtistriale,  Agosto  1878. 

VOL.  XVI.  O 


THE  HISTOLOGY  OF   MOLLUSCUM    CONTAGIOSUM.^ 
By  George  Thin,  M.D.    (Plate  IX.) 

It  is  somewhat  remarkable  that  the  mode  of  origin  of  mollus- 
cum  contagiosum  should  still  fonn  a  subject  of  controversy 
amongst  pathologists.  Apparently  nothing  should  be  easier 
than  to  determine  the  structures  in  which  these  small  super- 
ficial tumours  take  their  origin.  Developing  on  the  surface  of 
the  skin,  by  no  means  rare  in  their  occurrence,  frequently  excised 
and  examined,  it  would  seem  that  their  relation  to  the  sebaceous 
glands,  if  they  have  any,  is  capable  of  easy  determination.  A 
glance,  however,  at  the  literature  of  the  subject  will  convince 
any  one  that  the  question  is  not  so  easy  of  determination,  and, 
for  my  own  part,  I  can  testify  that  the  conclusions  which  I 
have  arrived  at  were  only  reached  after  a  very  minute  and 
painstaking  examination  of  a  considerable  number  of  tumours.* 

The  molluscum  growths  which  I  examined  had  been  excised 
by  Mr.  Jonathan  Hutchinson  from  the  skin  of  a  young  man, 
over  the  surface  of  whose  body  a  considerable  number  of  isolated 
tumours  were  scattered.  About  twenty  of  the  tumours  were 
used  in  the  investigation,  and  fifteen  were  divided  into  complete 
series  of  sections,  every  section  being  examined.  The  size  of 
the  tumours  varied  from  that  of  a  small  pin-head  to  that  of 
a  small  pea.  The  well-known  molluscum  structure  was  found 
in  all  of  them. 

In  examining  the  sections,  the  point  to  which  I  specially 
directed  my  attention  was  the  relation  of  the  hair  follicles  and 
the  sebaceous  glands  to  the  tumours  in  their  first  stage  of 
development.    To  my  surprise,  I  found  only  one  hair  in  all  the 

^  The  preparations  on  which  the  views  expressed  in  this  paper  are  based,  were 
demonstrated  to  the  members  of  the  Pathological  Society  of  London  during  the 
session  1880-81,  and  short  summaries  have  appeared  in  the  usual  reports  of  the 
meetings  of  the  Society  and  in  the  "  Transactions." 

^  Full  references  to  the  literature  of  *' Molluscum  Contagiosum"  will  be  found 
in  a  paper  by  Dr.  Tilbury  Fox  and  Dr.  T.  Colcott  Fox,  in  vol.  xxx.  TraTis.  PaiJut- 
logical  Society.  To  these  I  would  add  a  paper  by  Virehow,  in  Virckow*s  Archiv, 
vol.  xxxiii.  (1865),  a  recent  paper  by  M.  Kenaut  in  the  Annales  de  Dermutologie 
et  de  Syphiliffraphi^t  2nd  series,  vol.  i.  No.  3,  and  a  paper  by  Dr.  Saugster  in 
volume  Ixiii.  of  the  Medico- Chirurgical  Traiisactions. 
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sections.  In  this  instance  I  found  in  the  centre  of  a  small 
growth  a  dilated  hair  follicle  with  an  attached  portion  of  a 
sebaceous  gland  in  its  normal  situation.  This  appearance  I 
found  only  once. 

A  vertical  section  through  a  tumour  in  the  early  stage  of 
development  shows  that  it  is  composed  of  a  small  number  of 
epidermic  processes  or  growths.  Each  of  these  growths  begins 
on  the  surface  of  the  epidermis,  and  grows  downwards  in  the 
interpapillary  epithelial  cones.  As  the  growth  proceeds  the 
superficial  and  central  cells  undergo  the  peculiar  transformation 
characteristic  of  the  so-called  moUuscum  bodies.  These  new 
growths,  whilst  they  descend  towards  the  cutis,  also  develop 
laterally,  the  lateral  development  leading  to  the  fusion  in  the 
epidermic  layer  of  the  growths  which  had  begun  independently 
and  close  to  each  other,  the  remains  of  a  very  thin  septum  of 
non-molluscous  epidermic  cells  being  sometimes  found  after  the 
fusion  is  apparently  complete.  In  the  papillary  layer  of  the  cutis 
the  moUuscum  growths  develop  laterally  with  greater  freedom 
than  in  the  epidermis,  and  the  cell-masses  from  the  separate 
growths  rapidly  approach  each  other  until  they  are  separated 
only  by  a  thin  septum  of  vascular  tissue.  The  deeper  processes 
also  send  off  secondary  offshoots,  contributing  thus  to  the  growth 
of  the  tumour. 

These  epidermic  processes  in  the  cutis  assume  a  somewhat 
spherical  shape,  and  the  outer  cells  differ  chemically  and  physi- 
cally from  the  inner  ones.  Between  the  outermost  and  inner- 
most cells,  there  are  cells  which  contain  granules.  These  are 
the  appearances  which  give  the  epidermic  masses  superficially  a 
somewhat  glandular  appearance,  and  which  have,  with  the  posi- 
tion of  the  tumours,  no  doubt,  suggested  the  idea  that  they  are 
hypertrophied  sebaceous  glands.  But  these  cell-masses  have 
no  ducts,  and  the  cells  contain  no  sebum.  It  would,  therefore, 
be  only  permissible  to  consider  them  as  glandular  in  their  origin 
if  they  could  be  traced  in  their  development  back  to  a  sebaceous 
gland  as  their  starting-point.  This  I  have  not  been  able  to  do, 
and  I  have  not  been  able  to  find  in  the  papers  and  drawings 
that  have  been  published  in  reference  to  this  subject  any 
evidence  bearing  criticism  that  it  ever  has  been  done. 

Towards  the  centre  of  the  molluscum  formation,  the  super- 
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ficial  cells  of  the  growth  break  away,  leaving  a  cavity  of  greater 
or  less  depth,  and  this  may  take  place  in  preparing  specimens  if 
care  is  not  taken.  It  is  the  cavity  thus  formed  which  has  been 
mistaken  for  a  duct. 

In  a  very  early  stage  of  the  tumour  the  moUuscum  change 
begins  on  separate  adjacent  points  of  the  free  surface  of  the 
epideimis,  the  points  being  situated  within  a  small  round  area 
which  will  eventually  form  the  centre  of  the  tumour.  These 
points  are  situated  in  parts  which  correspond  to  the  centres  of 
the  interpapillary  cones — the  parts  of  the  epidermis  which  are 
furthest  removed  from  the  vascular  tissue.  It  is  difficult  to  find 
a  preparation  which  throws  light  on  the  first  beginning  of  this 
moUuBcum  centre,  but  one  of  the  sections  I  have  examined 
afforded  some  instructive  appearances. 

In  this  section  the  centre  of  the  tumour  is  represented  by  a 
deep  cavity  partly  filled  with  moUuscum  cells,  and  the  nature 
of  the  cavity  is  shown  by  one  of  its  walls  being  formed  by  the 
external  and  internal  root  sheaths  of  a  hair.  It  is,  in  fact,  a  very 
much  widened  hair  follicle,  from  which  the  shaft  of  the  hair 
has  disappeared.  On  its  side  a  portion  of  a  sebacous  gland  is 
still  present.  This  portion  of  gland  is  taking  no  part  in  the 
moUuscum  tumour.  SmaU  independent  centres  of  moUuscum 
change  surround  the  opening  of  the  affected  follicle. 

The  continuation  of  the  epidermis  surrounding  the  mouth  of 
the  folUcle  with  the  moUuscum  cells  in  the  foUicle,  is  evident  in 
this  section. 

That  in  the  large  number  of  tumours  which  I  examined,  every 
hair  and  sebaceous  gland  had  disappeared,  with  this  solitary  ex- 
ception, seems  to  me  to  be  sufficient  proof  that  the  development 
of  a  moUuscum  growth  is  attended  at  a  very  early  stage  with 
loosening  of  the  hairs,  atrophy  or  obUteration  of  the  sebaceous 
glands,  and  changes  in  the  follicle  that  make  the  identification 
of  the  latter  difficult,  and  in  most  cases  impossible.  If  the 
change  began  on  the  interfoUicular  free  surface  of  the  epidermis, 
one  would  expect  to  meet  with  traces  of  hairs  and  sebaceous 
glands  more  frequently.  But  if,  as  in  this  section,  the  change 
begins  always  in  the  follicle;  leading  to  early  destruction  of  the 
hair  and  gland,  the  absence  of  these  structures  in  the  tumours 
becomes  intelligible.    It  is,  however,  quite  possible  that  a  morbid 
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change  may  frequently  begin  in  the  folliclee,  and  in  rarer  cases 
begin  in  the  interfoUicuIar  epidermis. 

In  the  affected  hair  follicle  in  question,  the  molluscum  cells 
seemed  to  be  intimately  connected  with  the  cells  of  the  internal 
root  sheath.  The  great  distension  of  the  follicle  shows  that  there 
has  been  much  pressure  exercised  by  the  contained  molluscum 
cells,  and  that  there  must  consequently  have  been  an  abundant 
new  formation  of  them.  These  cells  are  probably  contagious  in 
their  nature,  and  if  they  are  so  the  separate  independent  minute 
growths  which  spring  up  around  the  central  one,  and  finally  join 
it,  are  accounted  for.  Many  of  the  cells  which  escape  from  the 
mouth  of  the  distended  follicle  must  come  in  contact  with  the 
adjacent  epidermis,  and  some  of  them  will  adhere  to  it. 

By  comparing  a  series  of  sections  made  through  one  small 
tumour,  it  can  be  shown  that  the  secondary  epidermic  formations 
which  surround  the  central  larger  one  never  had  any  connection 
with  a  hair  follicle  or  gland. 

Virchow,  writing  in  1865,  expressed  his  belief  that  the 
molluscum  change  begins  in  the  hair  follicles.  The  facts 
recorded  above  confirm  his  statements. 

The  development  of  an  epidermic  cell  into  a  molluscum  body 
has  been  so  well  described  by  previous  observers  that  I  have 
nothing  new  to  offer  on  this  point  As,  however,  their  accounts 
are  not  all  in  accordance  with  each  other,  I  will  give  a  short 
description  of  the  transition  changes  as  I  have  observed  them. 
Of  the  latest  formed  epidermic  cells  of  the  growth,  those  on  and 
new  the  periphery,  many  show  unequivocal  signs  of  nuclear  de- 
generation. Whether  all  these  cells  die,  or  whether  some  of 
them  undergo  the  molluscum  change  I  have  not  determined. 

The  first  certain  change  is  that  of  the  cell  becoming  filled  with 
minute  granules,  the  nucleus  remaining  entire  and  being 
generally  found  near  the  wall  of  the  cell.  Clear  spaces  are  seen 
in  this  granular  substance — so  called  vacuoles.  In  succeeding 
stages  the  granules  become  larger  and  fuse  into  a  homogeneous 
substance,  the  nucleus  in  the  meanwhile  losing  its  spherical 
form  and  becoming  finally  lost.  In  the  ultimate  stage,  this 
homogeneous  substance  fills  the  whole  of  the  cell,  which  is  then 
known  as  a  molluscum  body,  but  the  cell-wall  is  not  involved 
in  the  change,  and  retains  its  epidennic  character.    In  the  final 


206  DR.  GEORGE  THIN. 

stages  the  molluscum  substance  may  fall  out  and  leave  behind 
it  the  horny  capsule  in  which  it  was  contained. 

This  newly  formed  substance  stains  a  reddish  brown  with 
eosin,  not  of  so  bright  a  shade  as  the  ordinary  normal  epidermic 
homy  cell. 

The  cells  of  the  growth  have  the  ordinary  spikes  or  prickles 
characteristic  of  epidermic  cells.  The  prickles  can  be  observed 
most  readily  in  the  intermediate  cells  between  the  outermost 
row  and  the  cells  in  which  the  molluscum  substance  is  being 
deposited. 

The  appearances  which  I  have  described  show  that  molluscum 
contagiosum  is  a  tumour  dependent  on  the  development  in  the 
cells  of  the  epidermis  of  a  new  substance,  of  the  nature  of  which 
we  are  as  yet  ignorant.  This  development  begins  in  the  first 
instance  in  the  hair  follicle,  between  the  root  sheaths  and  the 
shaft  of  the  hair,  but  soon  takes  root  amongst  the  cells  on  the 
free  surface  of  the  epidermis  which  surrounds  the  follicle.  It  is 
attended  with  a  continuous  growth  of  epidermis  downwards  into 
the  cutis,  the  successive  layers  of  newly  formed  cells  becoming 
successively  the  seats  of  the  specific  change.  The  development 
of  this  epidermic  tumour  is  not  attended  with  destruction  of 
connective  tissue  like  the  epidermic  growths  of  cancer,  but  its 
action  on  the  vascular  tissue  is  more  than  can  be  accounted  for 
by  mere  pressure.  The  imperfectly  developed  fibrous  tissue  by 
which  the  tumour  is  surrounded  testifies  to  the  reaction  produced 
by  the  influence  of  an  epidermic  growth  containing  elements 
foreign  to  the  healthy  body. 


DESCEIPTION  OF  PLATE  IX. 

Fig.  1.  Section  through  a  small  tumour  in  which  molluscum  changes 
were  found  in  a  hair  follicle,  ep^  Molluscum  formation  on  the  free 
surface  of  the  epidermis  near  the  mouth  of  the  follicle ;  «,  sebaceous 
gland ;  i,  internal  root-sheath  of  a  hair ;  ex,  external  root-sheath ; 
m,  molluscum  cells  in  the  cavity  of  the  follicle,  from  which  the  shaft 
has  disappeared.     (Low  power.) 

Fig.  2.  Section  through  a  tumour  in  the  early  stage,  showing  the 
formation  at  separate  points  in  the  centrt^s  of  the  interi)apillary  pro- 
jections in  the  molluscum  area.     «,  Septum  of  epidermic  cells  which 
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have  not  undergone  the  specific  change,  separating  coalescing  masses 
of  moUuscum  cells ;  ep,  moUuscum  cells  formed  in  the  centre  of  the 
interpapillary  epithelium.     (Low  power.) 

Fig.  3.  Epithelium  cells  on  the  border  of  the  moUuscum  formation. 
Magnified  1000  diameters. 

Fig.  4.  Illustrating  the  transformation  of  epithelial  cells  into 
moUuscum  bodies.  The  cells  a,  h^  and  c  show  the  changes  in  the 
protoplasm  and  the  disappearance  of  the  nucleus;  d  shows  a  ceU 
in  which  the  moUuscum  substance  is  formed ;  e  shows  two  cells,  one 
consisting  only  of  the  empty  ceU  waU,  the  moUuscum  substance 
having  faUen  out:  in  the  other  the  moUuscum  substance  is  stiU 
present  within  the  epidermic  sheath  j  /  shows  a  block  of  moUuscum 
substance  which  has  faUen  out  of  a  cell 
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CASE  OF  OBLITERATION  OF  THE  POETAL  VEIN 
(PYLEPHLEBITIS  ADHESIVA).  By  William  Osler. 
M.D.,  M.E.C.P.  Lond.,  Professor  of  the  Institv/tes  of  Medicine, 
McOHl  University,  MorUreal. 

Thrombosis  and  suppurative  pylephlebitis  are  the  affections 
most  commonly  met  with  in  the  portal  vein.  A  few  instances 
of  calcification  and  extreme  fibroid  thickening  of  the  walls  are 
reported.  Organic  occlusion,  by  conversion  of  the  vein  into  a 
fibrous  cord  or  mass  of  connective  tissue,  is  a  very  rare  lesion, 
as  in  cases  of  thrombosis  life  is  usually  terminated  long  before 
organisation  of  the  clot  can  take  place.  The  following  instance 
of  it  presents  many  interesting  features,  anatomical  and 
clinical : — 

J.  C,  aged  28,  admitted  into  the  General  Hospital,  under  my 
care,  June  17th,  1881,  in  a  condition  of  extreme  exhaustion,  con- 
sequent upon  loss  of  blood  by  vomiting.  My  house-physician,  Dr 
Andrew  Henderson,  obtained  from  him  the  following  history : — 
Has  always  been  strong  and  healthy ;  somewhat  intemperate,  but 
a  steady  worker.  Has  never  had  syphilis.  No  constitutional 
disease  in  his  family.  Last  September,  when  engaged  in  some 
very  hard  work,  was  obliged  to  give  up  on  account  of  weakness 
and  dull  heavy  pain  in  the  upper  region  of  the  belly.  It  was 
never  very  localised,  and  was  not  aggravated  by  eating.  Patient 
had  to  be  in  bed  most  of  the  time,  and  at  about  the  end  of  a 
month  had  an  attack  of  haematemesis,  vomiting  more  than  two 
quarts.  Did  not  leave  his  bed  for  some  weeks;  does  not 
remember  whether  his  legs  or  abdomen  were  swollen.  Did  not 
go  to  work  until  about  April,  when  he  got  employment  in  a 
manufactory  as  fireman.  Latterly,  he  was  put  to  heavy  work, 
piling  bags  of  sugar,  and  yesterday  (16th)  he  had  to  give  up 
owing  to  feelings  of  great  weakness.  This  morning  he  vomited 
a  large  quantity  of  blood,  partly  fluid,  but  mixed  with  clots. 
When  admitted  in  the  evening  he  was  in  a  state  of  great 
exhaustion ;  surface  blanched ;  pulse  very  small — 135 ;  tempera- 
ture, 100"*;  respirations,  20.     Shortly  after  getting  to  bed  he 
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vomited  about  foar  ounces  of  dark  altered  blood.    A  peculiar 
cadaveric  odour  was  noticed  in  the  breath. 

June  18th.  At  the  morning  visit  patient  was  examined,  and 
the  following  condition  noted : — He  is  a  large,  well-made,  mus- 
cular man ;  lies  on  his  left  side  in  a  drowsy,  semi-conscious 
state,  but  can  be  roused.  Face  and  general  surface  bLmched ; 
no  distension  of  abdomen;  superficial  veins  not  visible;  no 
oedema  of  the  feet.  Examination  of  chesty  negative;  abdomen 
flattened ;  skin  of  marble  whiteness ;  visible  epigastric  pulsa- 
tion; on  palpation,  marked  pulsation  in  umbilical  region, 
forcible,  vertical  in  direction ;  no  tumour  to  be  felt.  On  auscul- 
tation a  remarkable  double  murmur  was  heard  midway  between 
the  navel  and  tip  of  ensiform  cartilage ;  to  be  heard  also  a  little 
to  the  right  of  the  middle  line,  but  waa  very  feeble  to  the  left 
There  was  not  a  cardiac  murmur.  Liver-— edge  could  not  be 
felt ;  area  of  dulness  much  diminished ;  could  scarcely  be 
detected  in  sternal  line ;  was  3  cm.  in  mammary,  and  4  cm.  in 
axillary  lines.  Spleen — ^not  to  be  felt  below  costal  border ;  area  of 
dulness  increased,  11  cm.  in  vertical,  13  cm.  in  transverse, 
directions.  Patient  did  not  complain  of  pain  during  the 
examination.  Bowels  have  not  been  moved;  a  large  external 
pile,  filled  with  coagula,  was  found  on  tho  right  margin  of  anus. 
Urine  clear,  and  normal. 

19th.  During  the  night  patient  vomited  a  large  quantity  of 
bright,  liquid  blood,  soaking  the  bed  and  covering  the  floor  in 
the  neighbourhood.  He  was  found  in  an  apparently  dying  state, 
but  rallied  on  the  administration  of  stimulants.  The  examina- 
tion at  the  visit  did  not  elicit  any  new  facts ;  the  epigastric 
murmur  was  not  so  distinct. 

20th.  No  further  haemorrhage,  debility  extreme,  and  a  tend- 
ency to  delirium.  Slight  oedema  of  feet.  The  cadaveric  odour 
was  very  perceptible. 

On  the  2l8t  and  22d  patient  remained  in  a  state  of  profound 
exhaustion,  and  there  were  no  additional  abdominal  symptoms. 
On  the  23d  there  were  repeated  syncopal  attacks,  during  one  of 
which  he  died. 

Autopsy. — Body  well  nourished ;  skin  blanched ;  no  distension 
of  abdomen ;  cutaneous  veins  not  visible ;  slight  oedema  of  feet. 

In  abdomen  the  coils  of  small  intestines  were  of  a  very  dark 
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slate  colour;  peritoneum  smooth;  colon  distended;  no  exuda- 
tion ;  liver  and  spleen  did  not  appear  below  the  costal  border. 
In  thorax  a  few  ounces  of  serous  fluid  in  each  pleura. 

Heart  was  flabby  and  pale ;  chambers  contained  small  clots ; 
valves  were  healthy.    Aorta  normal. 

LuTigs  pale,  oedematous  at  bases. 

Spleen  greatly  enlarged ;  weighed  675  grms. ;  was  intimately 
adherent  to  the  diaphragm  and  stomach.  Capsule  was  very 
thick,  in  places  wrinkled,  and  a  firm,  semi-cartilaginous  plate 
existed  at  its  convex  border.  On  section  organ  cut  with  great 
resistance,  creaking  under  the  knife ;  the  trabecular  thickened, 
rough,  and  in  spots  gritty.  Some  of  the  veins  were  dilated,  and 
contained  thrombi.  Near  the  hilus  was  a  wedge-shaped  calcified 
mass,  the  size  of  a  walnut.  The  artery  was  very  tortuous,  and 
at  the  hilus  presented  a  group  of  small  saccular  aneurisms,  the 
size  of  large  peas ;  the  coats  thickened,  partly  calcified,  and  one  of 
them  contained  an  old  thrombus,  which  had  softened  in  the  centre. 

Liver  small,  and  closely  united  to  the  diaphragm  and  to  the 
abdominal  wall  on  the  right  side.  It  measured  25  cm.  in 
breadth  and  16  cm.  from  front  to  back.  The  shape  was  retained, 
but  the  left  lobe  was  almost  completely  atrophied,  only  a  small 
thin  tonguelet  remaining.  The  surface  was  smooth,  but  towards 
the  right  border  and  behind,  many  fibrous  bands  passed  between 
the  capsule  and  the  diaphragm.  The  capsule  on  the  under 
surface  was  opaque  but  smooth.  On  section,  tissue  uniform,  pale 
reddish-brown  colour;  acini  distinct,  but  no  perceptible  increase 
in  the  inter-lobular  tissue.  The  anterior  border  and  the  remnant 
of  the  left  lobe  were  firmer,  and  the  connective  tissue  strands 
between  the  lobules  could  be  seen.  The  hepatic  veins  were  of 
full  size.  Portal  canals  not  numerous,  small ;  artery  and  duct 
distinct  (condition  of  portal  vein  will  be  described  under  venous 
system). 

Microscopic  examination  showed  the  liver  cells  to  be  some- 
what fatty ;  the  connective  tissue  on  the  greater  portion  of  the 
right  lobe  was  not  specially  increased,  but  at  the  anterior  border 
and  in  the  small  portion  of  the  left  lobe  the  secreting  substance 
was  a  good  deal  atrophied. 

Gall-bladder  contained  a  quantity  of  yellow  bile.  Gall  duct 
normal.     Hepatic  artery  almost  double  the  usual  size. 
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Stomach  was  capacious  and  contained  a  quantity  of  dark 
liquid  mixed  with  food.  Veins  beneath  the  muscular  coat 
could  be  seen  dilated  and  tortuous.  The  mucosa  was  pale, 
here  and  there  marked  with  spots  of  capillary  injection.  There 
were  two  small  superficial  losses  of  substance  near  the  cardiac 
end;  the  tissue  about  them  was  not  injected,  and  their  bases 
were  scarcely  as  deep  as  the  submucosa.  About  the  pylorus  the 
membrane  was  mammillated,  and  on  section  very  tough. 

iTUestiTies  contained  dark  tarry  fseces ;  mucosa  pale  through- 
out Bectum  presented  a  number  of  enlarged  veins  just  within' 
the  sphincter,  and  the  external  tumour  was  found  to  be  a  collec- 
tion of  enlarged  and  thrombosed  veins. 

Kidneys  of  normal  size,  pale,  a  little  firm.  On  section  a  large 
quantity  of  thin  watery  fluid  oozed  from  the  surface.  Ureter 
and  bladder  normal. 

Venovs  System. — On  dissecting  the  gastro-hepatic  omentum 
the  portal  vein  was  found  to  be  obliterated  from  a  point  2  cm. 
beyond  its  origin,  and  converted  into  an  irregular,  fibrous  cord, 
with  ill-defined  margins,  being  matted  with  the  surrounding 
tissues.  In  this  state  it  entered  the  hilus  of  the  organ,  and 
penetrated  the  main  divisions  of  the  portal  canals ;  no  trace  of 
the  natural  appearance  of  a  vessel  could  be  seen.  On  section 
the  tissue  was  spongy,  not  indurated,  and  somewhat  reddish  in 
colour.  There  were  no  remnants  of  a  thrombus,  nor  any  cre- 
taceous or  calcified  portions.  The  main  branches  within  the 
organ  were  also  occluded ;  the  connective  tissue  of  Glisson's 
sheath  was  abundant,  and  firmer  than  normal.  Both  arteiy  and 
duct  in  these  parts  could  be  slit  open  readily.  There  was  not 
any  special  contraction  about  the  hilus,  and  the  liver  substance 
in  immediate  neighbourhood  of  the  portal  canals  looked  normal. 
The  remaining  portion  of  the  portal  vein  and  its  branches  were 
in  the  following  condition : — Just  beyond  the  junction  of  the 
splenic  and  superior  mesenteric  was  a  large  saccular  dilata- 
tion, the  size  of  a  walnut,  with  thickened  walls,  and  here  and 
there  a  calcified  plate  beneath  the  intima.  It  was  in  contact 
with  the  under  surface  of  the  right  lobe  close  to  the  hilus. 
Superior  meseTiteric  was  much  dilated;  the  terminal  part,  just 
behind  the  pancreas,  presented  several  small  sacculi,  the  intima 
of  which    contained    atheromatous    plates.      The    mesenteric 
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branches  were  moderately  enlarged.  Splenic  vein  admitted  the 
index  finger  freely,  and  all  its  branches  were  dilated.  Several  of 
those  on  the  anterior  margin  of  the  spleen  were  fall  of  firm 
thrombi.  The  vasa  brevia  from  the  fundus  of  stomach  were 
dilated,  and  some  of  the  larger  branches  contained  thrombi  The 
left  gastro-epiploic  was  almost  as  large  as  the  splenic,  and  at  the 
curvature  presented  several  large  dilatations,  one  of  which  ad- 
mitted the  top  of  the  thumb.  The  gastric  vein  emptied  into  the 
dilatation  just  beyond  the  junction  of  the  superior  mesenteric 
and  splenic,  and  was  also  enlai^ed.  The  waUs  of  all  of  these 
vessels  were  thickened,  the  intima  a  little  roughened,  and  in 
spots  calcified.  The  inferior  mesenteric  was  moderately  en- 
larged; the  hsemorrhoidal  branches  were  distended.  Inferior 
cava  normal;  openings  of  hepatic  veins  presented  nothing 
unusual.  Among  its  branches  the  lumbars  appeared  large, 
particularly  one  passing  by  the  side  of  the  third  lumbar 
vertebra.  To  the  left  of  the  aorta  was  a  large  vein  nearly 
equal  in  size  to  the  inferior  cava ;  it  terminated  below  by  two 
branches,  one  of  which  passed  over  and  joined  the  junction  of 
the  external  and  internal  iliacs  on  the  right  side;  the  other 
joined  the  common  iliac  of  the  left  side.  The  appearance  of  the 
parts  after  dissection  suggested  a  double  inferior  cava.  Unfor- 
tunately the  liver,  together  with  stomach,  pancreas,  and  spleen 
had  been  removed  before  this  condition  was  detected,  so  that 
the  upper  termination  of  this  vessel  could  not  be  made  out. 
Two  large  branches  joined  it  above,  but  their  connection  could 
not  be  traced.  The  iliacs  were  large ;  many  of  the  branches 
of  the  internal  divisions  were  thrombosed.  The  diaphragmatic 
veins  formed  a  close  plexus,  particularly  in  the  oesophageal 
region,  which  united  with  the  veins  of  the  coronary  and  lateral 
ligaments  of  the  liver.  The  ossophugeal  veins  were  numerous 
and  large,  and  formed  a  rich  network  about  the  cardia. .  The 
veins  in  the  suspensory  or  round  ligaments  were  not  dilated.  In 
the  thorax  the  lower  intercostal  veins  were  very  large,  parti- 
cularly one  running  along  the  lower  margin  of  10th  rib.  The 
tyenu  azygos  major  almost  equalled  the  inferior  cava  in  width, 
and  admitted  the  index  finger  easily ;  the  azygos  minor  was  also 
of  large  size. 

Remarks — Such  a  case  as  the  above  presents  many  points  of 
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interest.  Sudden  and  violent  haematemesis  in  a  young  man ; 
no  ascites,  no  enlarged  abdominal  veins,  small  liver,  large  spleen, 
and  a  localised  murmur  in  the  epigastric  region — the  diagnosis 
was  not  easy,  but  it  lay,  I  thought,  between  cirrhosis  of  the 
liver,  splenic  aiuemia,  and  an  aneurism.  For  cirrhosis  as  a  cause 
of  the  haematemesis  were — ^histoiy  of  spirit-drinking,  diminished 
volume  of  liver,  increase  in  size  of  spleen,  and  the  existence  of 
piles ;  against  were — the  age  of  patient,  and  the  absence  of  many 
important  signs,  as  gastric  or  intestinal  catarrh,  ascites,  and 
enlarged  veins.  The  well-nourished  state  of  the  man,  the 
moderate  enlargement  of  the  spleen,  and  normal  aspect  of  the 
blood,  were  opposed  to  the  idea  that  the  primary  trouble  was 
splenic.  The  suddenness  of  the  attack,  the  brightness  of  the 
vomited  blood,  together  with  the  existence  of  a  localised  murmur 
in  the  epigastric  region — the  origin  of  which  remains  obscure — 
suggested  the  occurrence  of  a  small  aneurism,  either  of  the  aorta 
or  one  of  the  branches  of  the  coeliac  axis ;  but  the  haemorrhage  in 
September,  the  absence  of  any  pulsating  tumour,  and  the  state 
of  the  liver  and  spleen,  seemed  fatal  to  this  view.  Altogether, 
in  spite  of  the  absence  of  many  of  the  important  symptoms 
usually  present,  the  most  satisfactory  diagnosis  appeared  to  be 
portal  obstruction  from  cirrhosis.  The  evident  reduction  in  the 
volume  of  the  liver  was  strongly  in  favour  of  this  view,  and  as  I 
had  also  met  with  several  instances  in  which  severe  hsBmorrhage 
had  been  the  initial  symptom,  I  was  the  more  inclined  to  regard 
it  as  an  anomalous  case  of  this  natura  The  history  of  a 
haemorrhage  in  September,  followed  by  an  obscure  illness  of  some 
months'  duration,  pointed  to  a  chronic  malady. 

The  history  of  the  case  ofifers  no  clue  to  the  cause  of  the 
obliteration  of  the  vein,  but  we  may  suppose  it  to  have  taken 
place  in  the  way  in  which  veins  usually  become  occluded,  viz., 
by  the  formation  of  a  thrombus  which  organised,  and  was  ulti- 
mately converted  into  a  fibroid  cord.  Apart  from  marasmatic 
conditions,  in  which  portal  thrombosis  occasionally  occurs, 
coagulation  of  blood  in  the  portal  vein  is  met  with — 1st,  as  an 
effect  of  compression,  as  in  cirrhosis,  in  which  the  pressure  is 
exercised  within  the  liver,  or  in  tumours  in  the  neighbourhood 
of  the  hilus,  which  compress  the  main  trunk  in  the  gastro- 
hepatic  omentum ;  2d,  by  extension  of  inflammation  from  the 
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hi]  e  passages,  as  in  cholangitis  from  ofostruction  by  gall-stones  ; 
and  3d,  by  the  extension  of  inflammation  or  transference  of 
emboli  from  suppurating  or  ulcerative  foci  in  the  territory  of  the 
portal  vessels,  but  in  these  instances. the  thrombi  which  form 
rapidly  soften,  and  suppurative  pylephlebitis  is  the  result.  I 
have  met  with  cases  of  pylethrombosis  from  the  above  causes, 
but,  so  far  as  can  be  ascertained,  none  of  them  have  prevailed  in 
this  case.  The  only  possible  source  which  is  suggested  by  the 
post'tnortem  is  the  cretaceous  area  in  the  spleen,  representing  the 
final  stage  of  a  small  abscess  or  infarct,  which,  when  in  an  active 
state,  might  have  induced,  by  direct  extension  or  embolism,  the 
pylethrombosis. 

The  state  of  the  liver  is  worthy  of  note.  Though  shrunken, 
particularly  in  left  lobe,  the  greater  part  of  the  organ  was  smooth 
and  not  in  the  least  cirrhotic.  In  the  few  instances  of  chronic 
occlusion  which  have  been  reported,  the  condition  has  been 
variable.  In  Cruveilhier's  case  ^  in  which  the  obstruction  must 
have  lasted  for  years,  the  organ  is  described  as  smooth  and 
healthy.  In  others  it  has  been  cirrhotic.  Solowieff  *  has  pro- 
duced a  fibroid  condition  of  the  liver  by  inducing  occlusion  of 
portal  branches  in  the  dog,  but  that  this  is  not  an  invariable 
sequence,  in  man,  is  shown  by  this,  as  well  as  other  cases. 
Nor  is  there  any  good  anatomical  reason  why  it  should  occur. 
After  complete  exclusion  of  portal  blood  from  the  organ,  the 
lobular  capillary  plexus  continues  filled,  as  the  venules  which 
collect  the  blood  from  the  capillaries  of  the  hepatic  artery  empty 
directly  into  the  portal  interlobular  vessels,  and  the  blood-supply 
is  in  this  way  maintained.  Hence  the  function  of  the  gland  is 
not  materially  interfered  with,  and  bile  continues  to  be  formed 
from  the  blood  furnished  by  the  hepatic  artery,  which  may,  as 
in  this  case,  undergo  a  compensatory  enlargement.  That  the 
arterial  blood  can  in  this  way  act  as  substitute  for  the  portal 
supply  is  well  shown  by  such  a  case  as  the  one  under  consi- 
deration, which  forms  an  interesting  counterpart  to  the  one  of 
aneurism  of  the  hepatic  artery  *  which  apparently  demonstrated 
that  the  converse  is  not  true,  but  that,  as  Cohnheim  and  Litten 

^  Atlas  cCanat.  path.  livr.  xvi.  PI.  6. 

*  Virchow's  ArchiVf  Ixii. 

3  Canada  Med.  and  Surg.  Journal,  1877,  Drs.  Ross  and  Osier. 
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state,^   the  portal  blood  cannot  replace  the  hepatic  if  the  latter 
be  completely  excluded  from  the  organ. 

There  is  no  more  interesting  subject  of  study  than  the  way 
in  which  channels  of  collateral  circulation  are  established  in 
oQclusion  of  large  vessels.  In  the  case  of  the  portal  vein,  nu- 
merous opportunities  for  this  purpose  are  afforded  in  cirrhosis 
of  the  liver,  in  which  the  obliteration  of  many  interlobular 
branches  necessitates  the  development  of  circuitous  routes,  by 
means  of  which  the  blood-current  in  the  portal  system  is  equal- 
ised, and  the  reduced  carrying  capacity  of  its  vessels  counter- 
balanced. In  some  instances,  so  adequate  is  this  compensation 
that  the  cirrhosis  may  reach  an  extreme  grade  without  producing 
symptoms.  These  collateral  channels  have  been  fully  described 
by  Sappey,  and  are  chiefly : — (1)  the  anastomoses  between  the 
coronary  veins  of  the  stomach  and  the  oesophageal  plexus,  which 
discharges  into  the  lower  intercostal  and  azygos  veins,  and 
also  communicates  w4th  the  diaphragmatic  vessels ;  (2)  veins 
passing  in  the  coronary  and  suspensory  ligaments  of  the  liver 
and  in  the  adhesions  which  often  form  between  the  liver  and 
diaphragm ;  (3)  in  some  cases  a  small  vein  in  the  round  liga- 
ment dilates  enormously,  and  affords  free  communication  between 
the  portal  vein  and  the  epigastric  vessels.  Some  regard  this  as 
a  redistended  umbilical  vein,  but  Sappey  states  that  it  is  one  of 
the  small  vessels  which  he  describes  as  the  vence  pm'tce  accessories. 
I  have  recorded  an  instance  *  of  advanced  cirrhosis,  with  great 
narrowing  of  the  portal  branches,  in  which  no  symptoms  of 
increased  blood-pressure  existed  in  the  portal  system  owing  to 
the  presence  of  this  vein,  which  was  as  large  as  the  little  finger ; 
(4)  certain  veins,  forming  what  is  known  as  the  system  of 
Betzius,  which,  originating  in  parts  of  the  intestinal  canal,  and 
anastomosing  with  the  radicles  of  the  portal  vein,  discharge  into 
the  inferior  cava  or  its  branches ;  (5)  the  communications  which 
exist  between  the  superior  and  inferior  hsemorrhoidal  plexuses. 
In  this  case  the  collateral  circulation  appeared  to  have  been 
carried  on  by  the  first,  fourth,  and  fifth  of  these  channels. 
There  were  extensive  communications  between  the  gastric  and 
oesophageal  veins,  and  through  the  latter  With  the  azygos  and 
liver  intercostals.     The  vasa  brevia  and  others  about  the  fundus 

^  Firchaw's  ArchiVf  Ixvii.  '  Montreal  OenercU  HospUaZ  ReportSy  1880. 
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of  the  Stomach  were  highly  developed,  aad  joined  the  dense 
network  about  the  cardia  and  the  diaphragm  in  the  immediate 
vicinity.  Many  of  these  branches  were  plugged  with  thrombi. 
Doubtless  a  large  share  in  the  supplementary  circulation  was 
taken  by  the  veins  of  the  system  of  Betzius  and  the  peritoneal 
branches  emptying  into  the  cava.  The  large  vessel  to  the  left  of 
the  aorta  may  have  been  a  greatly  distended  azygos  minor  which 
Henle  figures  as  joining  with  the  left  iliacs,  but  unfortunately 
its  connection  could  not  be  made  out  owing  to  the  removal  of 
the  viscera  before  the  nature  of  the  lesion  was  suspected.  The 
blood  in  it  probably  reached  the  azygos,  which  was  of  large  size. 
In  the  case  of  obliterated  vena  cava,  recorded  in  this  Journal} 
I  met  with  a  similar  vein.  The  haemorrhoidal  plexuses  were 
not  greatly  distended,  but  the  brauches  of  the  internal  iliacs, 
particularly  on  the  left  side,  were  very  large,  and  many  of  them 
contained  thrombi.    The  epigastric  veins  were  not  dilated. 

The  collateral  circulation  must  have  existed  for  some  time 
perhaps  for  years,  and  was  fully  compensatory.  The  somewhat 
sudden  onset  of  the  final  symptoms  may  reasonably  be  attributed 
to  interference  with  this  free  circulation  by  the  thrombi  in  the 
gastric  veins,  and  in  branches  of  the  internal  iliacs. 

*  Vol.  xiii. 
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THE  MUSCULAR  ANATOMY  OF  THE  KOALA^  (Fhaseo- 
larctos  cinereus),  WITH  Additional  Notes.  By  A.  H. 
Young,  M.B.,  F.RC.S.,  late  Assistant  Lecturer  on  Anaiomy, 
The  Owens  College,  Manchester. 

"  If,"  wrote  Professor  Owen,*  referring  to  the  Marsupialia,  "  the 
type  of  a  natural  group  of  animals  ...  is  that  which  manifests 
the  greatest  number  of  the  structural  modifications  peculiar  to 
the  group,  and  the  smallest  number  of  such  as  are  common  to 
other  natural  assemblages  of  mammalia,  then  the  Koala  has  the 
best  claim  to  typical  pre-eminence."  So  far  as  the  soft  parts 
are  concerned,  perhaps  in  no  part  of  its  anatomical  structure 
does  the  Koala  present  so  many  ''  structural  modifications  "  as 
are  to  be  found  in  its  muscular  arrangements.  These  are, 
iudeed,  so  numerous,  and  of  such  a  nature,  that  Professor 
Macalister,  at  the  close  of  a  short  paper  on  the  '' Muscular 
Anatomy  of  the  Koala," ^  afiirms  that  ''this  animal  presents, 
in  its  muscular  system,  a  greater  number  of  structural  diver- 
gencies from  the  general  placental  type  than  perhaps  any  other 
Didelphian." 

With  the  exception  of  the  observations  of  Professor  Mac- 
alister, I  have  not  been  able  to  find  auy  detailed  description 
of  the  muscular  anatomy  of  the  Koala,  though  some  few  frag- 
mentary and  scattered  references  do  exist  in  the  writings  of 
other  observers ;  and,  inasmuch  as  the  dissection  of  three  speci- 
mens^ of  the  species  revealed  certain  peculiarities  of  muscular 
arrangements  and  relationships  not  hitherto  recorded,  I  have 
thought  that  by  the  publication  of  these  I  might  be  able  to 
supplement  the  observations  of  Professor  Macalister,  and  at 
the  same  time  complete  a  fuller  and  more  detailed  account  of 
the  muscular  system. 

Intending,  some  three  years  ago,  when  occupied  with  the 

^  I  have  to  express  my  thanks  to  Professor  Boyd  Dawkins,  to  whose  kindness 
I  am  indebted  for  the  opportunity  of  examining  the  anatomy  of  the  Koala. 

'  Art.  "  Marsupialia,"  Todd's  Cyclopcedia,  vol.  iii.  p.  329. 

'  AtvruUs  aiid  Magazine  of  Natural  History^  1872,  vol.  x.  p.  127. 

^  The  number  of  specimens  dissected  affords  a  reasonable  hope  that  individual 
peculiarities  have  not  been  regarded  as  definite  and  characteristic  structures. 
VOL.  XVI.  P 
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dissection  of  the  Koala,  to  make  this  animal  the  groundwork  for 
more  extended  observations  into  the  anatomy  of  the  marsupials, 
I  made  careful  sketches,  not  only  of  the  myology,  but  other 
parts  of  its  anatomy.    These  sketches  are  still  in  my  possession. 

In  the  following  notes  the  various  muscles  are  grouped  under 
the  customary  sectional  headings. 

Any  statements  as  to  size  of  muscle  are  made  with  reference 
to  the  smallest  of  the  Koalas  dissected.  This  measures  20^ 
inches  in  length. 

Muscles  of  the  Head  and  Neck. 

The  plaiysma  my'oides  is  a  prolongation  forwards  of  the 
panniculus  carnosus,  strengthened  on  its  deep  surface  by 
accessory  fibres  derived  from  the  anterior  border  of  the  pre- 
sternum. The  fibres  form  a  strong  muscular  sheet,  and  become 
continuous  anteriorly  with  those  of  the  orbicular  muscles  of 
the  mouth  and  orbit,  whilst  the  most  anterior  of  the  fibres 
form  a  broad  attrahens  aurem.  In  the  Wombat  the  platysma 
is  quite  distinct  from  the  panniculus. 

The  facial  muscles  include  an  orbiculai^  palpebrarum,  with 
an  inferior  bony  attachment  consisting  of  a  rounded  inferior 
palpebral  muscle,  and  an  orbicularis  oris  which  is  largely  formed 
by  the  prolonged  fibres  of  the  platysma.  The  levator  labii 
svperioris  aloeque  nasi  has  its  usual  attachments.  A  levator 
labii  superioris  vel  dilator  naris  lateralis  from  the  anterior  part 
of  the  zygoma  also  passes  to  the  upper  lip  and  nose.  There  is 
a  well-defined  depressor  labii  siiperioris;  the  depressor  labii 
inferioris  is  partially  blended  with  the  buccinator.  A  strong 
levator  menti  extends  from  the  alveolar  border  of  the  lower 
jaw  to  the  lower  lip.  From  the  nasal  bones  a  few  scattered 
fibres  converge  towards  the  middle  line  of  the  nose  and  form 
a  rudimentary  elevator  naris.  Buccinator  is  as  usual.  So  also 
is  the  occipitO'/rontalis. 

The  auricle  is  furnished  with  a  series  of  irregularly  disposed 
muscular  fibres,  which,  however,  evidence  a  tendency  to  the 
formation  of  antero-posterior  rows ;  these,  along  with  a  strong 
bundle  from  the  tragus  to  the  concha,  constitute  the  intrinsic 
muscles.    The  extrinsic  muscles  comprise  three  attrahentes — 
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superficial,  middle,  and  deep— an  attolleris,  and  a  bilaminar 
retraJiens, 

Of  the  muscles  of  mastication,  Macalister^  found  the  external 
pterygoid  exceedingly  small,  and  inseparable  from  the  internal 
pterygoid.  In  my  specimens  it  is  distinct  and  well-developed. 
The  temporal  and  nmsseter  muscles  have  their  usual  attachments; 
in  only  one  instance  did  I  find  them  at  all  united. 

The  stemo-mastoid  is  quite  separate  from  the  cleido-mastoid, 
and  considerably  exceeds  it  in  size.  Its  insertion  is  solely  into 
the  outer  half  of  the  occipital  ridge,  and  its  origin  from  the 
manubrium  sterni-posterior  to  the  clavicular  articulation. 

The  deido-mastoid  is  smaller  than  the  preceding;  it  arises 
from  the  sternal  end  of  the  clavicle,  and  is  inserted  into  the 
occipital  ridge.  A  smaU  slip  of  fibres,  detached  from  the  edge 
of  the  trapezius,  runs  down  to  the  clavicle,  or,  passing  over  this 
bone,  to  the  pectoral  fascia ;  this  corresponds  apparently  to  the 
accessory  slip  found  by  Meckel  ^  in  the  Opossunt  In  this  latter 
animal  I  found  the  cleidi  mastoid  partially  united  to  the 
trapezius. 

A  thick  levator  scapidce  springs  from  the  front  of  the  lateral 
mass  of  the  atlas,  in  common  with  the  first  slip  of  the  serratus 
magnus,  and  passes  to  the  lower  half  of  the  scapular  spine, 
extending  but  slightly  on  to  the  acromion. 

The  stemo-hyoid,  omo-hyoid,  and  digastric  muscles  have  a 
common  insertion  into  the  mandible ;  the  two  former  have  no 
attachment  whatever  to  the  hyoid  bone,  and  consequently  have 
no  influence  on  its  movements.  The  posterior  belly  of  the 
digastric  arises  from  the  paroccipital  process  and  ends  at  a 
tendinous  inscription,  which  separates  it  from  the  anterior 
belly,  where  it  is  joined  by  the  sterno-hyoid.  In  the  angle 
between  these  two  muscles  the  omo-hyoid  is  attached.  A 
Y-shaped  tendinous  intersection  marks  the  junction  of  the  three 
muscular  elements.  From  this  point  a  strong  muscular  bundle, 
which  corresponds  in  position  and  general  appearance  to  the 
anterior  belly  of  the  digastric,  though  it  greatly  exceeds  the 
posterior  in  size,  passes  to  an  insertion  into  the  inferior  border 
of  the  lower  jaw,  which  extends  from  one  inch  behind  the  sym- 
physis as  far  as  the  angle.    The  sterno-hyoid  arises  from  the 

*  Loc  cU,  p.  128.  *  AtuU,  Comp.  vol  vi.  pp.  166,  167. 
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upper  (dorsad)  surface  of  the  sternum,  at  the  junction  of  the 
second  and  third  segments,  and  receives  also  accessory  fibres 
from  the  second  and  third  costal  cartilages.  It  has  no  clavicular 
attachment.  The  omo-hyoid  arises  from  the  anterior  margin 
of  ihe  scapula  near  its  superior  angle.  It  presents  no  trace  of 
a  tendinous  intersection  before  it  reaches  the  digastric.  Whilst 
the  greater  part  of  the  fibres  of  this  muscle  terminate  as  just 
noted,  some  few  pass  beneath  the  digastric,  and,  joined  by  others 
from  the  tendinous  intersection  of  the  latter,  run  along  the 
inferior  surface  of  the  tongue  as  the  lingualis.  This  remarkable 
arrangement  of  these  muscles  was  constant  in  the  different 
specimens  examined.  So  far  as  I  am  aware  it  has  not  been 
met  with  in  other  marsupials. 

The  stemo-thyroid,  from  sternum  to  thyroid  cartilage  as  usual, 
is  with  diflBculty  separable  from  its  fellow  of  the  opposite  side ; 
a  separate  thyro-hyoid  is  prolonged  to  the  great  comua  of 
the  hyoid  bone. 

The  mylo'hyoid  is  arranged  in  the  usual  manner,  but  does  not 
reach  back  to  the  hyoid  bone. 

GeniO'hyoid  is  long  and  riband-like.  Its  fibres  extend  from 
the  symphysis  of  the  lower  jaw  to  the  great  cornua  of  the  hyoid 
bone. 

The  genio'hyo-glossus  is  of  considerable  interest;  extending 
from  the  genial  tubercles  to  the  hyoid  bone  and  thyro-hyoid 
membrane,  the  anterior  half  of  the  fibres  pass  to  the  tongue  in 
the  ordinary  manner,  whilst  the  posterior  half,  inseparable  from 
those  of  the  opposite  muscle,  form  a  muscular  sheet;  this 
constitutes  the  greater  portion  of  the  walls  of  a  tubular  cavity, 
about  three  inches  in  length,  which  extends  from  the  back  of 
the  tongue  to  the  larnyx.  The  wall  of  this  cavity  is  completed 
by  the  enormously  elongated  soft  palate.^ 

Hyo-glossus. — Beneath  the  genio-hyoidei,  and  bridging  over 
the  genio-hyo-glossi,  is  a  transverse  muscular  band  which  is 
attached  laterally  to  the  substance  of  the  tongue.  Macalister^ 
described  this  band  as  an  aberrant  slip  of  the  myio-hyoid.  It 
appears  to  represent  rather  the  hyo-glossi,  which,  instead  of 
being  attached  to  the  hyoid  bone,  do  not  descend  so  far,  but 

^  ''Anatomy  of  the  Koala,"  Joum,  of  Aruxt.  and  Phys.  vol.  xv.  p.  466. 
*  Loc,  eit,  p.  129. 
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join  together  and  form  the  bridge-like  muscle  just  referred  to. 
Aa  described  by  Macalister,  the  styloid  group  of  muscles  consist 
''  of  a  single  sheet,  the  hinder  fibres  of  which  pass  to  the  phamyx, 
the  middle  to  the  cerato  hyal,  under  the  stylo-hyoid  ligament, 
and  the  anterior  to  the  side  of  the  tongue." 

In  one  specimen  only,  I  found  what^appeared  to  be  an  aberrant 
slip  of  the  stylo-glossus  reaching  from  the  fascia  covering  the 
internal  pterygoid  to  the  side  of  the  tongua 

Scakni. — ^These  muscles  are  all  situated  behind  the  brachial 
plexus.  The  sccUerms  arUiciis  must  therefore  be  regarded  as 
wanting.  Scalenus  Tnedius  is  from  the  transverse  processes  of 
the  posterior  three  cervical  vertebrsB  to  the  first  rib.  Scalenus 
posticus,  which  is  easily  divisible  into  two,  is  from  the  transverse 
processes  of  the  cervical  vertebrae — except  the  first  and  last — to 
the  first  three  ribs. 

The  muscles  of  the  cervical  subvertebral  region  are  more 
or  less  inseparable  from  each  other.  So  far  as  they  can  be 
distinguished,  the  rectus  capitis  arUicus  major  is  by  far  the 
largest  of  the  group ;  it  reaches  from  the  bodies  of  the  anterior 
three  dorsal  vertebrae  and  transverse  processes  of  all  the  cervical 
to  the  basi-occiput.  The  rcctu;s  capitis  antieus  nvmor  cannot  be 
separated  from  the  major. 

Zongus  colli  is  comparatively  small  unless  some  of  the  fibres 
considered  as  part  of  the  rectus  capitis  antieus  major  more 
rightly  belong  here.  It  consists  of  fibres  extending  between 
bodies  and  transverse  processes  of  the  anterior  three  dorsal  and 
cervical  vertebrae. 

Rectus  capitis  lateralis  stretches  from  the  transverse  process 
of  the  atlas  to  the  paramastoid  process. 

Splenius  arises  from  the  spines  of  the  posterior  five  cervical 
and  anterior  five  dorsal  vertebrae.  Its  insertion  is  partly  by 
three  fleshy  slips  into  the  anterior  three  cervical  transverse 
processes,  forming  a  splenius  colli,  and  partly  into  the  occipital 
crest,  thus  constituting  a  splenius  capitis.  There  is  no  cervical 
insertion  in  the  Opossum  or  in  the  Kangaroo. 

Complexus. — This  muscle  arises  from  the  anterior  six  dorsal 
transverse  processes  and  from  the  articular  processes  of  the  last 
five  cervical  vertebrae.  Its  insertion  is  into  the  occiput  There 
is  a  strong  bilaminar  rectus  capitis  posticus  major,  and  a  distinct 
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rediis  capitis  posticus  minor.    The  superior  oblique  is  a  double 
muscle ;  the  inferior  oblique  is  large,  and  has  an  origin  from  the 
second,  third,  and  fourth  cervical  vertebrae. 
Sjrinalis  colli  is  well  marked. 


Muscles  of  the  Back,  Thorax,  and  Abdomen. 

Pan/nicultcs  camosm. — ^This  muscle  is  of  considerable  extent ; 
weak  and  thin  posteriorly,  it  becomes  stronger  as  it  passes 
downwards  and  forwards  on  the  sides  and  ventral  aspect  of  the 
trunk ;  part  of  the  fibres  are  prolonged,  as  the  platysma,  whilst 
the  rest  converge  towards  the  axilla,  and  are  inserted  into  the 
humerus. 

In  the  region  of  the  abdomen  of  the  female  Eoala  the 
muscular  fibres  almost  surround,  sphincter-like,  the  mouth 
of  the  marsupial  pouch.  This  is  even  better  marked  in 
the  Wombat 

Martin^  describes  also  a  set  of  transverse  fibres  which  pass 
over  the  anterior  extremities  of  the  marsupial  bones.  These 
are  much  more  strongly  developed  in  the  female  than  in  the 
mala 

The  trapezius  is  single  and  undivided.  Clavicular  attachment 
is  either  very  limited  or  entirely  wanting.  The  origin  of  the 
muscle  extends  from  the  occiput  as  far  back  as  the  eighth  dorsal 
spine ;  its  insertion  is  into  the  spine  and  acromion  process  of 
the  scapula,  whilst  the  anterior  fibres  are  continued  onwards,  to 
end  in  the  deep  fascia  covering  the  deltoid.  A  muscular  slip, 
like  a  detached  bundle  of  fibres  from  the  anterior  margin  of  the 
trapezius,  is  either  inserted  into  the  clavicle,  or,  passing  over  it, 
ends  in  the  pectored  fascia.    (See  Cleido-mastoid.) 

The  latissimus  darsi,  from  the  lumbar  aponeurosis  and  spines 
of  six  dorsal  vertebrae  to  the  ordinary  humeral  insertion,  gives 
off  a  well-marked  dorso-epitrocMearis  to  the  olecranon.  As  in 
the  Opossum,  the  latissimus  dorsi  in  Eoala  has  no  costal  attach- 
ment 

The  rJumboideus  consists  of  an  undivided  single  muscle,  which 
arises  from  the  inner  half  of  the  occipital  ridge,  and  reaches  as 


I  «*-Nr 
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far  back  as  the  third  dorsal  spine.     Its  insertion  is  into  the 
vertebral  border  of  the  scapula. 

Superior  and  inferior  serrcUi  postici  are  only  separable  by  the 
different  directions  of  their  fibres;  the  superior  is  by  far  the 
most  extensive. 

Erector  gpincB. — ^The  common  extensor  of  the  back  is  sub- 
divided in  the  usual  manner. 

A  smaU  sacro-lumhalis,  attached  to  the  posterior  three  ribs,  is 
prolonged  to  the  second  rib  by  a  well-defined  musculvs  cuxessorius. 
As  in  most  marsupials,  there  is  no  cervicalis  ascendens. 

The  longimmus  dorai  is  the  largest  of  the  subdivisions  of  the 
erector  spin®.  It  has  the  ordinary  attachments,  and,  as  is 
usually  the  case  where  no  cervicalis  ascendens  is  present,^  is 
prolonged  into  the  neck,  where  it  is  attached  to  the  transverse 
processes  of  the  posterior  three  vertebrsB. 

The  transversalis  cervids  and  trachelo-mastoid  have  a  common 
origin  from  the  four  or  five  anterior  dorsal  transverse  processes, 
and  from  the  five  posterior  articular  processes  of  the  cervical 
region.  The  insertion  is  into  the  transverse  processes  of  all  the 
cervical  vertebrae,  whilst  a  riband-like  slip  to  the  occiput  con- 
stitutes the  trachelo-mastoid. 

SpincUis  dorsi  passes  to  the  spines  of  the  anterior  dorsal 
vertebrse. 

Zevatores  costarum  are  strongly  marked ;  they  are  continuous 
with  the  external  intercostals. 

The  mvltifidus  spince,  iTUerspinales,  and  intertransverscUes  are 
as  usual. 

Serratus  magnvs  arises  from  the  transverse  processes  of  the 
posterior  six  cervical  vertebrae  and  from  the  anterior  nine  ribs. 
It  is  inserted  into  the  superior  costa  of  the  scapula. 

The  intercostal  series  of  muscles  have  their  ordinary  attach- 
ments.   Well-defined  subcostales  are  present. 

The  triangularis  stemi  extends  from  the  third,  fourth,  and 
fifth  sternal  segments  to  the  cartilages  of  the  third,  fourth,  fifth, 
and  sixth  ribs. 

The  diaphragm  has  the  ordinary  attachments.  The  orifice  of 
the  vena  cava  exists  as  usual  in  the  cordiform  tendon;  the 
aorta  passes  between  the  tendinous  crura,  whilst  the  oesophagus 

^  Meckel,  Anat,  Comp,  torn,  vi  p.  149. 
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is  situated  between  the  muscnlar  fibres  derived  from  the  cmra, 
but  behind  their  junction,  so  that,  like  the  aorta,  it  is  practically 
behind  the  diaphragm. 

Of  the  abdominal  muscles  the  external  Mique  is  very  strong. 
The  internal  oblique  is  easily  separable  from  the  transversalis. 

The  arrangement  and  attachments  of  these  muscles  correspond 
very  closely  with  what  is  found  in  most  marsupials.  Professor 
Humphry  ^  notes,  however,  that  "  in  the  Wombat  a  few  of  the 
hindmost  fibres  of  the  internal  oblique  are  connected  with  the 
marsupial  bone.  This  is  not  the  case  in  the  Koala  or  in  the 
Opossum." 

In  the  Koala,  however,  the  internal  oblique  is  noteworthy  by 
reason  of  the  presence  of  four  or  five  well-marked  tendinous 
intersections  which  exist  in  its  muscular  portion.  These  are  in 
serial  continuity  with  the  ribs.  Thus  another  example  of  the 
persistence  of  intermuscular  septa  in  one  of  the  higher  verte- 
brates is  added  to  those  more  commonly  met  with. 

The  rectus  abdominis  reaches  as  far  forwards  as  the  first  rib. 
Tendinous  intersections  are  eight  in  number;  they  are  weU 
marked,  and  distributed  along  the  whole  extent  of  the  muscle. 
The  first  tendinous  intersection  is  large,  and  in  consequence  the 
anterior  part  of  the  muscle  is  almost  differentiated  as  a  separate 
rectus  thoracis,^ 

Pyramidalis,  as  usual  very  voluminous,  almost  conceales  the 
abdominal  rectus.  It  arises  from  the  inner  edge  of  the  marsupial 
bone,  and  as  in  the  Wombat,  extends  forwards  and  inwards 
towards  the  middle  line,  becoming  more  or  less  blended  with  the 
rectua  Some  few  fibres  are  also  attached  to  the  posterior 
segment  of  the  meso-stemum  and  to  the  cartilage  of  the  last 
true  rib. 

The  quadraius  Ivmborum  can  hardly  be  said  to  exist  as  a 
separate  muscla  So  Meckel  ^  found  also  in  the  Kangaroo.  A 
series  of  intertransversales  muscles  are  present  in  connection 
with  the  lumbar  transverse  processes,  and  the  most  posterior  of 
these  receives  a  few  fibres  from  the  iliac  crest ;  these  may  per- 
haps be  regarded  as  a  rudimentary  ilio-lumbar  element  of  a 


1  r\i. 


-^^rvoHons  en  Myology,  p.  16. 
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quadratos  lumborom.  Above  (dorsad)  these  are  the  deep  fibres 
of  the  erector  spinse,  which  pass  to  the  last  rib. 

Macalister^  describes  an  ordinary  quadratos  with  its  three 
usaal  component  parts. 

The  psoas  parvus  is  large  and  strong,  it  considerably  exceeds 
in  size  the  psoas  magrms ;  the  latter  is  joined  by  a  bi-partite 
iiiaom  and  the  two  muscles  take  their  usual  insertion. 

The  levator  ani  is  arranged  as  usual 

Coccygevs,  inserted  into  sacrum  and  anterior  caudal  vertebrae^ 
is  continuous  posteriorly  with  the  depressor  caudae. 

Sphincter  cloacoB  has  been  previously  described.^ 

Mtisdes  of  the  Tail. — ^Though  the  tail  of  the  Koala  is  so 
rudimentary^  the  muscular  elements  are  easily  distinguished. 
There  is  a  strong  depressor  caudoiy  which  arises  from  the  front  of 
the  sacrum  and,  receiving  fibres  from  the  coccygeus,  terminates 
at  the  last  coccygeal  vertebra ;  the  elevator  cavdce  is  represented 
by  the  posterior  fibres  of  the  deep  muscles  of  the  back. 

Lateralis  cavdoi,  very  strong,  arises  from  the  ischial  tuber- 
osity, and  passes  to  the  transverse  processes  of  the  anterior  three 
caudal  vertebrse. 

Muscles  of  the  Fore-Limbs. 

The  pectoralis  major  is  bilaminar.  It  springs  from  the  whole 
length  of  the  sternum  and  from  the  abdominal  aponeurosis,  and 
is  inserted  into  the  delto-pectoral  ridge.  In  one  Koala  I  found 
in  addition  a  small  clavicular  islip. 

Pectoralis  minor  is  from  the  sternal  ends  of  the  third,  fourth, 
and  fifth  costal  cartilages  to  the  great  tuberosity  of  the  humerus 
and  capsule  of  the  shoulder-joint 

A  pectoralis  minimus  extends  from  the  first  and  second  costal 
cartilages  to  the  great  tuberosity  of  the  humerus. 

Pectoralis  quartus, — ^Macalister'  describes  a  muscle  under  this 
name  as  springing  from  the  costal  cartilages.  Owen  ^  also  refers 
to  the  muscle  in  the  Bandicoot,  and  regards  it  as  a  dismember- 
ment of  the  pectoralis  major.  I  found  it  arising  from  the 
abdominal  aponeurosis  and  inserted  along  with  the  panniculus, 
of  which  it  appeared  a  part. 

*  Loc  eit.  p.  131.  •  Joum,  ofAnaL  and  Phys.  voL  xiii.  p.  812. 

»  L<w.  o^  p.  130.  *  AncU.  of  VerL  vol  iii  p.  12. 
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Though  ia  most  marsupials  separate  pectoral  muscles  are 
easily  distinguishable,  there  appears  to  be  considerable  dififerences 
in  the  light  in  which  these  are  regarded,  e.g.,  Meckel  ^  groups 
them  together  under  the  name  of  the  pectoralis  major,  which  he 
describes  as  consisting  of  three  parts— one  superficial,  from 
sternum  or  from  clavicle  and  sternum ;  the  others  deep,  arising 
separately  from  the  side  of  the  sternum,  as  in  the  Opossum,  or 
from  the  costal  cartilages,  as  in  the  Kangaroo ;  the  pectoralis 
minor  is  therefore  regarded  as  absent.  Vrolik,  however,  speaks 
of  the  humeral  attachment  of  the  pectoralis  minor  in  the 
Kangaroo,  whilst  in  the  Bandicoot  a  coracoid  attachment  of  the 
pectoralis  major  is  regarded  as  representing  it 

Subdavius  is  strong;  it  possesses  the  ordinary  attachments, 
and  is  covered  by  a  well-marked  costo-coracoid  membrane.  I 
found  in  one  of  my  specimens  a  small  slip,  apparently  a  dis- 
memberment of  the  subclavius,  extending  from  the  first  costal 
cartilage  to  the  coracoid  process  of  the  scapula. 

The  deltoid  is  comparatively  smalL  It  consists  of  two  dis- 
tinct portions — clavicular  and  scapular — which  are  inserted 
together  into  the  lower  part  of  the  delto-pectoral  ridge.  The 
origin  of  the  clavicular  portion  corresponds  to  the  outer  half  of 
the  clavicle.  The  scapular  moiety  arises  from  the  acromian 
process,  from  the  posterior  border  of  the  scapular  spine,  and  also 
from  the  investing  fascia  of  the  infraspinatus  muscle,  but  no 
division  is  discernible  between  the  acromial  and  scapular  fibres. 

The  tri-partite  character  of  the  deltoid,  so  common  in  clavicu- 
late  marsupials,^  does  not  exist  in  Koala. 

The  scapular  muscles  are  well  developed,  fleshy  masses.  Those 
occupying  the  dorsal  and  ventral  aspects  of  the  bone  project 
beyond  its  margins  and  take  additional  origins  from  inter- 
muscular septa,  separating  them  from  each  other.  In  other 
respects  there  is  nothing  unusual  in  the  attachments  of  these 
muscles.  The  mpraspmatus  is  somewhat  smaller  than  the  infra-- 
spincUtis,  The  svhscapvlaris  is  large  and  thick.  It  extends  from 
the  venter  scapulaa  to  a  broad  and  strong  insertion  into  the  small 
tuberosity  of  the  humerus,  some  few  fibres  taking  an  attach- 
ment to  the  capsule  of  the  shoulder -joint. 

The  teres  major  arises  from  the  upper  half  of  the  axillary 

^  Log.  oU,  p.  278.  *  Owen,  AncU.  of  V$rL  vol.  iii.  p.  12. 
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border  of  the  scapula ;  its  insertion  is  behind,  and  closely  con- 
nected with,  that  of  the  latissimus  dorsL 

Macalister^  found  the  teres  minor  small  but  distinct,  and 
with  an  unusually  wide  fleshy  insertion.  In  only  one  of  my 
specimens  was  it  distinguishable  as  a  separate  muscle  from  the 
infraspinatus.  In  this  it  was  very  small,  but  had  the  usual 
attachments.  The  absence  of  the  teres  minor  as  a  distinct 
muscle  appears  to  be  general  amongst  marsupials.^ 

The  coraco-brachialis  consists  of  two  distinct  parts.  Of  these, 
one  arises  by  a  long  tendinous  origin  from  the  tip  of  the  coracoid 
process,  becomes  muscular,  passes  over  the  insertions  of  the  teres 
major  and  latissimus  dorsi,  and  terminates  by  an  extensive 
insertion  into  the  internal  border  of  the  humerus ;  the  insertion 
extends  from  that  of  the  great  dorsal  muscle  above  as  far  down 
as  the  internal  condyle.  This  portion  of  the  muscle  corres- 
ponds to  what  obtains  in  the  monotremes,^  and  represents  the 
long  and  middle  varieties  of  the  muscle  as  described  by  Professor 
Wood. 

The  second  portion  of  the  muscle  is  a  well-marked  coraco- 
brachialis  brevis  vel  superioris  (Wood).  This  springs  fleshy  from 
the  coracoid  process,  winds  round  the  lower  border  of  the 
subscapularis,  and  is  inserted  into  the  shaft  of  the  humerus 
above  the  teres  major. 

The  biceps,  as  usual  in  marsupials,  consists  of  gleno-ulnar 
anS  coraco-radial  portions.  Their  origin,  which  is  conjoined, 
is  broad  and  tendinous ;  this  soon  gives  place  to  two  separate 
muscular  bellies,  a  superficial,  which  is  inserted  by  a  flattened 
tendon  into  the  radial  tuberosity,  and  from  which  is  given  off 
the  bicipital  fascia,  and  a  deep,  which  has  a  fleshy  insertion  into 
the  coronoid  process  of  the  ulna. 

The  hrachialis  arvticus  springs  from  almost  the  whole  of  the 
outer  surface  of  the  shaft  of  the  humerus,  winds  round  to  the 
front  of  the  elbow-joint,  and  is  inserted  in  common  with  the 
gleno-ulnar  moiety  of  the  biceps.  In  one  Koala  the  muscle  was 
divided  at  its  insertion,  a  few  of  the  fibres  passing  to  the  radius 
with  the  coraco-radial  part  of  the  biceps. 

The  triceps  has  the  usual  origins  and  insertion.     Its  scapular 

*  Loc,  cU.  p.  130.  '  Meckel,  AiuU.  Comp.  vol.  vi.  p.  278. 

*  Wood,  "  Mtutcolar  Yariations,"  Joum,  Anat.  and  Phya.  vol.  i  p.  44. 
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head  arises  from  the  lower  half  of  the  axillary  border  of  the 
scapula;  the  external  and  internal  heads  from  the  posterior 
surface  of  the  humerus ;  the  external  having  by  far  the  most 
extensive  attachment. 

Ancond. — Two  in  number.  The  eoctemai  from  the  outer 
condyle  of  the  humerus  and  shaft  of  bone  immediately  above 
to  the  outer  side  of  the  olecranon  and  upper  third  of  the  shaft 
of  the  ulna ;  and  the  irUemal  [ancorims  epUrocMearis)  a  small 
thin  muscle,  the  fibres  of  which  extend  from  the  inner  condyle 
of  the  humerus  almost  directly  backwards  to  the  internal  side 
of  the  olecranon. 

Of  the  muscles  of  the  forearm,  the  sv/piruitoT  longua  is 
remarkable  for  its  size.  It  arises  by  an  aponeurotic  origin  from 
the  external  border  of  the  humerus,  reaching  from  the  neck  of 
that  bone  down  to  the  supinator  ridge,  from  which  latter  fleshy 
fibres  arise.  A  large  portion  of  the  muscle  is  consequently 
situated  in  the  upper  arm ;  inf eriorly  the  muscular  fibres  end 
on  a  strong  tendon  which  winds  round  the  outer  surface  of  the 
lower  end  of  the  radius,  as  over  a  pulley,  and  passes  forwards 
to  be  inserted  into  the  scapho-lunar  bone,  as  in  the  Opossum. 
By  reason  of  its  carpal  insertion  the  supinator  longus  acts  as 
a  radial  flexor  of  the  wrist,  but  it  is  none  the  less  a  powerful 
supinator  of  the  forearm,  for  in  the  Koala,  it  is  to  be  noted, 
the  movements  of  pronation  and  supination  are  not  simply 
movements  limited  to  the  superior  and  'inferior  radio-ulnar 
articulations,  but  also,  and  to  an  important  extent,  occurring 
at  an  enarthrodial  joint  formed  by  the  rounded  head  of  the  ulna, 
which  is  received  into  a  concavity  formed  by  the  cuneiform  and 
pisiform  bones. 

The  sfwpinaJtoT  brevis  has  no  ulnar  attachment ;  the  posterior 
interosseous  nerve  passes  entirely  beneath  the  muscle. 

The  pronator  radii  teres,  from  the  internal  condyle  of  the 
humerus  solely,  passes  to  the  middle  third  of  the  radius.  The 
pronator  quadratus  is  limited  to  the  lower  fifth  of  the  forearm ; 
it  is,  therefore,  comparatively  small,  in  this  respect  agreeing 
closely  with  the  Kangaroo,^  but  differing  widely  from  many 
marsupials,  e.^.,  Opossums,  Perameles,^  &c.,  in  which  it  occupies 
the  whole  length  of  the  interosseous  space. 

i  Meckel,  Anat,  Comp.  vol  vi.  p.  302.  *  Owen,  AtuxL  of  Vert,  vol.  iii.  p.  18. 
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Es^ensores  carpi  radicUis. — ^The  arrangement  of  the  radial 
extensors  of  the  carpus  appears  to  yary.  Macalister^  found 
two  muscles  quite  separate  and  distinct,  and  such  was  the 
condition  in  one  of  my  specimens.  In  the  two  other  Koalas, 
however,  I  found  the  two  muscles  fused  into  a  single  mass. 
Meckel^  describes  two  separate  extensors  in  the  Opossum, 
whilst,  according  to  the  same  authority,  the  Kangaroo  presents 
but  ona 

The  extensor  carpi  radialis  longior  is  very  small.  It  extends 
from  the  supinator  ridge  to  near  the  middle  of  the  radial  border 
of  the  second  metacarpal  bone. 

The  extensor  carpi  radialis  brevior  is  from  the  external  condyle 
to  the  third  metacarpal  bone — ^low  down  on  its  radial  border. 

There  is  an  extensor  carpi  ulnaris  from  the  external  condyle 
and  upper  part  of  the  posterior  border  of  the  ulna  to  the  base  of 
the  fifth  metacarpal 

The  extensor  commwvis  digitorum  is  distributed  to  all  the 
digits.  It  arises  from  the  outer  condyle  and  from  the  inter- 
muscular and  investing  fasciae,  and  terminates  by  five  slender 
tendons.  Of  these  the  two  radially  situated  pass  together 
beneath  the  posterior  annular  ligament  to  be  distributed  to 
the  pollex  and  index  digits  respectively.  The  remaining 
tendons  pass  in  company  through  a  separate  compartment  of 
the  annular  ligament,  and  reaching  the  back  of  the  hand  form 
a  tendinous  expansion  from  which  slips  are  given  to  each  of 
the  three  ulnar  digits,  where  they  terminate  in  the  usual 
manner. 

The  three  ulnar  digits  receive  also  the  tendons  of  a  deeper 
muscular  mass,  which  may  be  regarded  as  an  extensor  secundus 
digitorum  ;  this  muscle  has  an  extensive  fleshy  origin  from  the 
shaft  of  the  ulna ;  the  muscular  mass  divides  so  high  up  as  to 
form  almost  two  distinct  muscles,  of  which  one  terminates  in  a 
single  tendon  which  passes  to  the  third  digit,  and  joins  the 
expansion  of  the  common  extensor  tendon  opposite  the  meta- 
carpo-phalangeal  articulation ;  this  constitutes  an  extensor  medii 
digiti,  whilst  the  other  is  distributed  to  the  fourth  and  fifth 
digits,  and  represents  the  extensor  minimi  digiti. 

A  strong  extensor  ossis  metacarpi  pollids  rises  from  the  orbi- 

'  Loc,  cU,  p.  130.  *  AnaL  Comp,  vol.  yi.  p.  309. 
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cular  ligament,  from  the  greater  part  of  the  posterior  surface 
of  the  shaft  of  the  radius,  and  from  the  radial  half  of  the 
interosseous  membrane ;  it  is  inserted  into  the  trapezium  and 
adjoining  part  of  the  metacarpal  of  pollex. 

Professor  Macalister  ^  describes  an  extenscyr  secundi  interTiodii 
arranged  as  usual.  In  none  of.  my  specimens  does  this  exist. 
It  appears  to  be  wanting  also  in  the  majority  of  marsupials.^ 
The  thumb  has  no  special  extensor  of  the  phalanges  beyond  the 
slip  derived  from  the  common  extensor. 

There  is  no  special  extensor  indicia. 

The  Jlexor  carpii  radicdis  is  small;  its  origin  is  from  the 
internal  condyle,  and  its  insertion  is  into  the  proximal  extremity 
of  the  third  metacarpal. 

The  Jlexor  carpi  ulnaris  is  more  strongly  developed;  its 
condyloid  and  olecranoid  heads  soon  unite ;  the  muscle  ends  by 
a  rounded  tendon,  which  passes  to  the  pisiform  bone ;  prolonga- 
tions are  given  off  to  the  unciform  and  fifth  metacarpal  bones. 

There  is  a  well  defined,  though  slender,  palniaris  longus. 

Flexores  digitorum. — The  superficial  and  the  deep  form  one 
large  irregular  muscular  mass.  This  arises  by  distinct  heads 
from  the  bones  of  tlie  arm.  From  the  humerus  one  head  springs 
from  thie  anterior  surface  of  the  lower  extremity  immediately 
below  the  epicondyloid  foramen,  and  a  second  from  the  internal 
condyle  beneath  the  other  flexors.  The  ulnar  origin  is  from 
the  inner  surface  of  the  olecranon  and  upper  two-thirds  of  the 
shaft  of  the  bone,  the  radial  is  from  the  greater  part  of  the  shaft 
and  adjoining  interosseous  membrane.  The  fibres  so  derived 
are  soon  distinguishable  as  forming  two  strata,  a  superficial  and 
a  deep. 

The  superficial  stratum  terminates  in  a  single  tendon  which 
passes  to  the  terminal  phalanx  of  the  fifth  digit. 

The  deeper  stratum  terminates  on  a  strong  flat  single  tendon 
which  divides  opposite  the  wrist-joint  into  four;  these  are 
distributed  to  the  first  four  digits,  including  the  pollex,  and  are 
inserted  into  the  distal  phalanges.  A  fascial  slip  connects  the 
tendons  of  the  fourth  and  fifth  digits  together. 

The  tendons  and  muscular  structures  just  described  represent 

* 

*  Loc,  cil.  p.  131. 

'  Meckel,  AnaL  Comp,  vol.  yL  p.  829. 
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the  fiexoT  Tprofwndus  digitoruni  aud  flexor  langvs  pollicis  con- 
joined. 

The  flexor  perforatvs  consists  of  a  feebly-marked  muscle, 
which  is  derived  from  the  adjacent  surfaces  of  the  muscular 
strata  of  the  general  flexor  mass,  and  ends  by  four  extremely 
delicate  tendons,  which,  after  being  perforated  by  the  corre- 
sponding deep  tendons,  are  attached  to  the  second  phalanges  of 
the  four  ulnar  digits. 

This  muscle,  whilst  it  may  correspond  to  a  flexor  syhlimis, 
appears  to  be  more  closely  allied  to  the  fl,exor  brevis  manvs,  first 
described  by  Mivart  and  Murie  ^  in  Hyrax  capensis, 

Macsdister^  found  the  flexor  sublimis  springing  from  the  front 
of  the  general  flexor  mass  in  his  Koala.  Such  appears  to  be 
the  condition  in  the  Opossum,^  and  also  in  Ferameles  lagotis.^  In 
the  latter  animal,  the  superficial  tendons  come  off  low  down  from 
the  common  tendon,  and  therefore  have  no  muscular  bellies. 

In  the  Kangaroo  ^  the  superficial  tendons  appear  to  be  entirely 
absent. 

LuTniricales,  two  in  number,  arise  from  the  opposite  sides  of  the 
deep  flexor  tendon  of  the  middle  digit  just  at  its  origin,  and  are 
distributed  in  the  usual  manner  to  the  third  and  fourth  digits. 

The  intrinsic  muscles  of  the  hand  of  the  Koala  have  already 
been  referred  to  in  a  previous  communication  to  this  Journal  ® 
"Whilst  no  general  description  of  the  muscles  was  given,  it  was 
pointed  out  that  in  their  disposition  they  agreed  closely  with 
the  arrangement  met  with  in  many  other  marsupials,  and 
regarded  by  Dr  D.  J.  Cunningham^  as  the  "typical  arrange- 
ment "  in  the  mammalia  generally. 

Before  referring  more  particularly  to  the  muscles  in  the  hand 
of  the  Koala,  I  must  again  point  out  the  peculiarity  of  the 
disposition  of  the  digits  in  the  fore-limb  of  this  animed.  They 
form  two  groups,  of  which  one,  including  the  thumb  and  index 
finger,  is  opposable  to  the  other,  this  latter  comprising  the  three 
remaining  digits. 

1  Proc.  ZooL  Soc.,  Lond.  1865,  p.  841.  *  Loc,  cU.  p.  130. 

'  Meckel,  Anat.  Comp,  vol.  yi.  p.  336. 

*  Owen»  AtujU.  of  Vert.  vol.  iii.  p.  13. 
'  Meckel,  loc.  cU,  p.  336. 

•  "The  Intrinsic  Muscles  of  the  Marsupial  Hand,"  vol.  xiv.  p.  158. 
7  Joum.  of  Anat.  and  Phys.  voL  xii.  p.  484  ;  see  also  vol.  ziii.  p.  1. 
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The  index  digit,  in  point  of  fact,  constitutes  a  second  thumb ; 
and,  in  conformity  with  its  unusual  freedom  of  action,  its  special 
muscles  are  well  developed.  Moreover,  as  the  result  of  the 
arrangement  of  the  digits  into  two  groups,  the  middle  line  of 
the  hand  no  longer  passes  through  the  third  digit,  but  along  the 
fourth.  The  muscles  of  the  hand  are  correspondingly  modified, 
and  hence,  so  far  as  regards  their  insertions,  the  arrangement  is 
very  different  to  what  is  ordinarily  found.  The  abductors  and 
adductors  act  as  usual  from  or  to  a  middle  line,  but  this,  in  the 
case  of  the  Koala,  passes  along  the  fourth  digit. 

The  intrinsic  muscles  consist  of — 

1.  A  plaivtar  layer  of  adductores, 

2.  An  intermediate  layer  oiflexores  breves. 

3.  A  dorsal  layer  of  abductores. 

Plantar  Layer, — ^This  consists  of  three  adductor  muscles, 
which  are  distributed  to  the  first,  second,  and  fifth  digits  respec- 
tively. It  includes,  therefore,  (1)  an  adductor  pollicis,  (2)  an 
adductor  indicis,  and  (3)  an  adductor  minimi  digiti.  These 
muscles  evidence  the  usual  marsupial  tendency  for  a  common 
central  origin,  and  all  arise  from  a  tendinous  raphae,  situated  in 
the  palm,  which,  however,  does  not  correspond  to  the  true 
mesial  line,  but  runs  along  the  palmar  aspect  of  the  third  meta- 
carpal bone.  The  adductor  pollicis  and  the  adductor  minimi 
digiti  are  almost  of  equal  size.  They  arise  from  the  upper  half 
of  the  tendinous  raphe,  and  from  the  adjoining  ligamentous 
structures,  and  are  inserted  into  the  proximal  phalanges  of  their 
respective  digits  in  the  usual  manner.  A  delicate  muscular  slip, 
derived  from  the  lowest  fibres  of  the  adductor  minimi  digiti, 
passes  to  the  ulnar  side  of  the  fourth  digit. 

The  adductor  indicis  arises  from  the  lower  half  of  the 
tendinous  raphe,  immediately  below  the  adductor  pollicis,  and 
passes  to  the  ulnar  side  of  the  first  phalanx  of  the  index  finger, 
where  it  joins  the  expansion  of  the  extensor  tendon. 

Intermediate  Layer, — The  flexores  breves,  except  in  the  case 
of  the  fifth  digit,  consist  of  a  series  of  paired  muscular  bundles, 
on  the  palmar  aspects  of  each  metacarpal  bone.  They  are  quite 
distinct  from  the  dorsal  and  plantar  layers. 

The/ea»r  Irevis  pollicis  is  very  small.  Its  muscular  bellies 
have  a  common  origin  from  the  annular  ligament  and  from  the 
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trapezium.     The  outer  moiety  is   inserted    along    with    the 
abductor  pollicis,  the  inner  with  that  of  the  adductor. 

The  Jlexor  hrevis  indicia  is  large  and  strong.  Its  outer  portion 
is  flat  and  triangular,  and  is  concealed  in  great  part  by  the 
adductor  pollicis,  which  it  almost  equals  in  size,  and  resembles 
closely  in  shape.  By  its  base  it  springs  from  the  deeper  aspect 
of  the  tendinous  raphsB  of  the  palm,  and  from  the  carpal 
extremity  of  the  second  metacarpal  bone;  by  its  apex  it  is 
ioserted  on  the  radial  side  of  the  proximal  phalanx  of  the  index 
finger.  The  ulnar  portion  of  the  flexor  brevis  indicis  arises  from 
the  carpal  end  of  the  third  metacarpal,  and  joins  the  insertion  of 
the  adductor  indicis. 

Flexor  brevis  minimi  digiti  is  only  represented  by  a  slender 
ulnar  portion,  which  takes  origin  from  the  anterior  annular 
ligament,  and  from  the  unciform  bone,  and  is  inserted  with  the 
abductor  minimi  digitL  The  rest  of  the  flexor  group  consists  of 
strong  muscular  bundles — ^two  to  each  of  the  third  and  fourth 
fingers — which  arise  from  the  proximal  extremities  of  the 
corresponding  metacarpal  bones,  and  are  inserted  into  the 
proximal  phalanges  of  the  respective  digits,  being  connected 
also  with  the  expansions  of  the  extensor  tendons.  Small 
sesamoid  bones  exist  in  connection  with  all  the  flexors. 

Dorsal  Layer. — This  group  includes  the  aidudor  polliois,  the 
abductor  indicis,  the  abductor  minimi  digiti,  and  the  dorsal 
interossei. 

The  abductors  of  the  thumb  and  little  finger  have  their  usual 
attachments  and  relative  positions. 

The  abductor  indicis  corresponds  to  the  Crst  dorsal  inter- 
osseous. It  is  a  single-headed  muscle,  very  similar  to  that 
figured  in  the  Wallaby,^  though  relatively  stronger. 

Of  the  remaining  dorsal  interossei,  the  third  and  fourth  are 
single-headed  muscular  bundles,  which  act  as  abductors  of  the 
fourth  finger,  arising  from  its  metacarpal,  and  being  inserted 
into  its  proximal  phalanx.  The  second  dorsal  interosseous  is 
somewhat  more  complex.  It  arises  by  distinct  and  separate 
origins  from  the  posterior  carpo-metacarpal  ligaments,  from  the 
upper  portion  of  the  second  metacarpal  bone,  and  from  the 
radial  border  of  the  shaft  of  the  third  metacarpal.    The  fibres 

^  Joum,  o/Anat,  and  Phys.  voL  xiv.  Plate  VII.,  figs.  6  and  6. 
VOL.  XVL  Q 
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end  iDferiorly  on  a  slender  arched  tendon,  the  extremities  of 
which  are  attached  to  the  adjacent  sides  of  the  proximal  ends  of 
the  first  phalanges  of  the  second  and  third  digits. 

An  opponens  pollicis  does  not  exist  There  is  a  distinct 
and  separate  opponens  minimi  digiti. 

Muscles  of  the  Hind-Ldcbs. 

The  gluteus  maximus  has  no  iliac  attachment  Strong  and 
coarse,  the  muscular  bundles  take  their  origin  from  the  sacral 
and  coccygeal  vertebrae,  and  have  an  extensive  insertion  into  the 
shaft  of  the  femur  posteriorly.  In  marsupials  generally  the 
gluteus  maximus  is  of  relatively  lai^er  size,  and  usually  pos- 
sesses an  iliac  origin. 

The  gluteus  raedivs  considerably  exceeds  in  size  the  muscle 
last  described.  It  arises  from  the  crest  and  gluteal  surface  of 
the  iliac  bone,  and  through  the  aponeurosis  covering  the  erector 
spindB  from  the  sacral  spines ;  the  insertion  is  into  the  great 
trochanter.  In  all  my  specimens  the  gluteus  medius  was  more 
or  less  bilaminar,  whilst  in  the  case  of  one  the  lamination  was 
complete,  and  two  separate  muscles  existed. 

Glutevs  minimus  is  single  and  undivided.  In  the  Kangaroo 
Meckel  ^  describes  it  as  separable  into  two  parts. 

A  tensor  vagitias  fem,oris  is  not  distinguishable. 

Pyriformis, — This  muscle  is  of  large  size.  Its  attachments 
are  as  usual  The  sciatic  nerve  leaves  the  pelvis  above  the 
muscle. 

The  gemdli,  arranged  as  usual,  are  united  beneath  the  extra- 
pelvic  portion  of  *the  obturator  intemus.  They  join  the  tendon 
of  the  latter,  and  are  inserted  with  it  into  the  trochanteric  fossa 
immediately  above  the  insertion  of  the  obturator  externus. 
According  to  Meckel  *  the  gemelli  are  entirely  wanting  in  the 
Kangaroo.    They  exist  in  the  Opossum  much  as  in  Koala. 

The  obturator  externus  is  strong  and  fleshy ;  it  possesses  the 
customary  attachments. 

The  quadratvs  femxyris  has  no  ischial  origin.  It  arises  solely 
from  the  great  sciatic  ligament  and  the  transverse  process  of  the 
first  coccygeal  vertebrae,  and  is  inserted  into  the  posterior  border 
of  the  great  trochanter. 

1  Loc.  cil.  p.  360.  •  Loe.  cU,  p.  864. 
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The  hamstring  muscles,  three  in  number,  are  quite  separate 
and  distinct,  thus  differing  from  the  Kangaroo.  Thej  all  ecrise 
by  single  heads  from  the  tuber  ischii,  much  as  in  man. 

The  bicqps  has  no  femoral  origin  and  is  a  single  muscle,  the 
ischio-fibular  element  of  most  mammals.  From  the  origin  the 
muscular  bundles  diverge,  forming  a  flattened  triangular  sheet, 
and  terminate  by  an  insertion  into  the  deep  aponeurosis  of  the 
leg  on  its  fibular  side,  the  insertion  extending  for  a  distance  of 
2|  inches,  but  not  reaching  the  sheath  of  the  tendo-achillis,  as 
is  the  case  in  Perameks  lagotis.  The  character  and  extent 
of  the  insertion  of  this  muscle  must  be  associated  with  the 
semi-flexed  attitude  of  the  limb. 

The  semi-tendirumis  arises  in  common  with  the  biceps,  and  is 
inserted  into  the  internal  surface  of  the  shaft  of  the  tibia  imme- 
diately behind  the  gracilis. 

The  semi-menibrarumLs  has  a  broad  flattened  insertion  into  the 
internal  tuberosity  of  the  tibia,  and  also  into  the  quadriceps 
tendon  and  deep  fascia  of  the  1^. 

There  is  no  hidpiti  accessorim,  such  as  exists  in  the  Opossum 
(Diddphis  virginiaTia). 

SartorivSy  with  its  usual  origin,  expands  inferiorly,  and  has  a 
broad  insertion  into  the  tendon  of  the  quadriceps,  and  into  the 
deep  fascia  of  the  leg.  The  extensor  action  of  this  muscle  has 
been  pointed  out  in  many  marsupials,^  e.g,,  Kangaroo,  Bandicoot, 
and  one  of  the  Dasyures  {D.  rruicrurus) ;  it  exists  also  in  the 
Opossum. 

The  gracilis  has  a  broad  origin  from  the  arch  and  symphisis 
of  the  pubes.  In  one  specimen  some  few  fibres  were  attached 
to  the  marsupial  bone,  thus  resembling  the  same  muscle  in 
Ornithorhyncus.^  Insertion  is  into  the  internal  surface  of  the 
shaft  of  the  tibia. 

Pectineus, — Single  and  rounded  at  its  origin,  which  is  almost 
entirely  from  the  external  inferior  angle  of  the  marsupial  bone, 
this  muscle  soon  bifurcates  and  has  a  double  insertion  into  the 
shaft  of  the  femur,  the  lowest  of  which  is  prolonged  down  to  the 
middle  of  the  bone.  The  muscle  is  similarly  disposed  in  the 
Opossum. 

*  Art.  '*  Marsapiala,"  Todd^s  Cyclop,  vol.  iii.  p.  290. 
'  Meckel,  loc.  cU.  p.  896. 
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Triceps  adductor  femoris,  regarded  as  a  single  muscular  mass, 
more  or  less  divisible  into  different  strata,  arises  from  the 
innominate  bone  solely,  and  is  inserted  along  almost  the  whole 
length  of  the  posterior  surface  of  the  shaft  of  the  femur. 

Martin,^  Owen,^  and  Macalister^  all  affirm  an  attachment  to 
the  external  angle  of  the  marsupial  bone  of  the  triceps  adductor 
femoris.  In  all  my  specimens  the  external  angle  of  the  mar- 
supial bone  was  occupied  by  the  pectineus,  whilst  the  origin  of 
the  gracilis  intervened  between  the  adductor  mass  and  the 
marsupial  bone. 

The  quadriceps  extensor  includes  the  usual  components. 
Rectus  femoris  has  the  common  double  origin ;  the  vastus  extemus 
constitutes  by  far  the  greater  part  of  the  "  trifemoro  rotuleus ; " 
the  vastus  intemms  and  cruretcs  are  inseparable.  They  all  ter- 
minate in  a  short  broad  tendon,  which  is  inserted  directly  into 
the  superior  extremity  of  the  tibia.  There  is  no  patellar 
ossification. 

Tibialis  anticus  is  inserted  solely  into  the  ento-cuneiform 
bones.  It  has  an  extensive  origin  from  the  tibia  and  inter- 
osseous membrane. 

The  extensor  longus  digitorum,  as  in  most  marsupials,  possesses 
no  femoral  attachment.  It  arises  from  the  external  tibial 
tuberosity,  the  head  of  the  fibula,  and  also  from  the  inter- 
muscular fascia.  The  tendons  of  insertion  are  distributed  to  the 
four  outer  toes,  where  they  terminate  in  the  usual  manner. 
The  muscular  mass  is  easily  separable  into  two  parts,  and  in 
this  respect  Koala  appears  to  differ  from  such  marsupials  as 
have  been  examined.  In  the  Ornithorhyncus*  the  muscle  is 
composed  of  two  parts. 

There  is  a  separate  extensor  hallucis  from  the  fibula  to  the 
great  toe. 

Peron^i, — Four  separate  peroneal  muscles  are  distinguishable, 
the  origin  of  all  being  fibular.  A  peroneus  longus  runs  to  the 
metatarsal  of  the  great  toe ;  a  peroneus  brevis  is  inserted  into  the 
fifth  metatarsal ;  a  peroneus  quarti  metatarsi  (Macalister)  is 
distributed  to  the  fourth  toe,  joining  the  extensor  expansion ; 

*  Proc.  Zool.  Soc.  part  iv.,  1836,  p.  110. 

^  Todd's  Cyclop,  vol.  iii.  p.  288  ;  and  AtuU.  of  Vert.  vol.  iii.  p.  9. 

*  Loc.  cit.  p.  132. 
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and  a  peronem  quvrUi  metatarsi  (Macalister)  is  similarly  distri- 
buted to  the  fifth  toe.  In  the  Opossum  these  muscles  are 
similarly  arranged,  but  there  is  also  a  femoral  origin ;  whilst  the 
peroneus  quarti  metatarsi  is  distributed  to  the  second  and  third 
toes,  as  well  as  the  fourth,  and  forms  an  extensor  secundi  digi- 
torum.  According  to  Meckel^  there  are  but  two  peroneal 
muscles  in  the  Kangaroo. 

Extensor  hrevis  digUorwm  is  feeble  and  ill-developed.  Two 
slender  tendons  only  originate  from  it.  These  are  distributed  to 
the  second  and  third  toes. 

OastrocneTiiivs,  well  developed,  arises  by  two  heads,  in  the 
external  of  which  a  fabella  exists.  Its  insertion  below  is  into 
the  OS  calcis. 

The  soletLs  is  not  present  as  a  separate  muscle.  Macalister 
states  that  it  ''  is  inseparable  from  the  external  head  of  the 
gastrocnemius;''  the  muscle  in  question  appeal's  rather  to  be 
represented  by  certain  superficial  fibres  of  the  conmaon  flexors 
of  the  toes,  which  are  prolonged  downwards  as  the  flexor  perfor- 
atus.  The  position  of  the  plantaris  muscle  bears  out  this  view. 
PlaiUaris  arises  in  common  with  the  external  head  of  the  gastro- 
cnemius, and  terminates  usually  in  the  plantar  fascia.  In  one 
specimen,  however,  I  found  it  joining  the  tendo-achillis. 

The  tibialis  posticus  is  double  (so  in  the  Beaver^),  both  parts 
have  a  fibular  origin — one  is  inserted  into  the  scaphoid,  the  other 
into  the  entocuneiform  and  the  sesamoid  at  the  base  of  hallux. 
In  Phalangista  vtUpina  the  muscle  is  single,  but  terminates  in 
two  tendons ;  in  Diddphis  mrginiana  it  is  single  throughout. 

The  flexor  longus  digitortcm  and  the  flexor  longus  hcdhwis  are 
inseparable.  The  conjoined  muscle  arises  from  the  upper  three- 
fourths  of  the  fibula,  and  terminates  at  the  ankle  in  a  stout  flat 
tendon,  which  expanding  somewhat  in  the  sole  gives  off  five 
tendons,  one  to  each  toe.  Some  superficial  fibres  of  the  muscular 
mass  end  differently.  They  pass  down  and  form  two  small 
fleshy  bellies,  from  each  of  which  two  slender  tendons  proceed. 
The  four  tendons  so  derived  pass  to  the  four  outer  toes,  and  are 
perforated  by  the  underlying  deep  tendons  ;  so  the  flexor  perfor- 
aius  is  constituted. 

Lumbricales  are  four  in  number. 

1  Lgc  cU.  p.  412.  *  ^  Meckel,  loc.  cU.  p.  424. 
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PoplUeus  or  pronator  tibue  occupies  the  whole  length  of  the 
interosseous  space,  passing  between  the  bones  of  the  leg,  and 
having  no  femoral  attachment.  It  has  already  been  described 
in  a  former  communication.^ 

There  is  no  flexor  accessorius  in  the  foot;  but  a  muscular 
bundle,  which  extends  from  the  os  calcis  to  a  fibro-cartilaginous 
backward  prolongation  of  the  plantar  fascia  is  regarded  by  Mac- 
alister  as  similar  to  it  in  nature.  The  intrinsic  muscles  of  the 
foot  consist  of  (1)  a  plantar  layer,  which  includes  an  adductor 
hallvmSy  an  adductor  minimi  digiti,  and  an  adductor  of  the 
syndactyle  second  and  third  toes ;  (2)  an  intermediate  layer,  com- 
prising a  series  of  muscular  bellies,  two  to  each  digit  (flexores 
breves),  except  the  last,  in  which  the  fibular  one  is  inseparable 
from  the  opponens ;  and  (3)  a  dorsal  layer,  which,  with  the  excep- 
tion of  the  abductors  hdUuds,  the  abductor  indicis,  and  the 
abductor  minimi  digiti  is  wanting,  so  far  as  regards  the  remain- 
ing dorsal  interossei 

There  is  an  abductor  ossis  metatarsi  minimi  digiti,  and  ^e 
little  toe  is  furnished  with  an  opponens,  A  more  comple);e 
account  of  these  muscles,  both  in  the  Koala  and  in  the  Opossum, 
with  illustrations,  will,  however,  be  included  in  Dr  D.  J.  Cun- 
ningham's report  on  the  Marsupialia  of  the  ''Challenger" 
expedition. 

Arthrology. 

Although  freely  movable,  owing  to  the  laxity  of  its  connec- 
tions, the  sterno-clavicular  joint  is  amphiarthrodial  in  its 
structural  features  There  is  no  coraco-acromial  ligament  The 
elbow-joint  is  only  noteworthy  because  slight  lateral  and  rotatory 
movements  are  permissible.  Similar  movements,  more  limited 
in  extent,  have  recently  been  claimed  for  the  corresponding 
joint  in  man. 

Inferiorly,  the  radius  and  ulna  do  not  articulate  directly  with 
each  other,  but  are  held  loosely  together  by  ligamentous  fibres. 
A  strong  interosseous  ligament  stretches  from  the  ulnar  side 
of  the  lower  extremity  of  the  radius  to  the  adjacent  angle 

1  <<  On  the  80-caIled  Movements  of  Pronation  and  Supination  in  the  Hind-Limb 
of  certain  Maisapials,"  Jowm,  of  AnaL  and  JPhys.  voL  zy.  p.  392. 
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of  the  cuneiform  bone ;  these  bones,  with  the  pisiform,  move 
together  doling  pronation  and  supination  of  the  forearm,  the 
movements  taking  place  at  an  enarthrodial  joint,  the  concavity 
of  which  is  formed  by  the  cuneiform  and  pisiform  bones,  the 
convexity  by  the  rounded  lower  end  of  the  ulna.  A  transversely 
elongated  concave  articular  surface  is  constituted  by  the  lower 
surfaces  of  radius  and  cuneiform  bone,  this  receives  the  convex 
proximal  surfaces  of  the  scapho-lunar  and  unciform  bones,  and 
thus  a  joint  is  formed  closely  resembling  the  wrist-joint  in  man. 
It  is  at  this  joint  that  the  usual  antero-posterior  and  lateral 
angular  movements  of  the  wrist  take  place.  An  imperfect 
interarticular  fibro-cartilage  intervenes  between  the  radius  and 
scapho-lunar  bone. 

Befeiring  to  the  lower  extremity,  I  can  confirm  the  observa- 
tions of  Mr  Forbes  ^  with  respect  to  the  existence  of  a  ligamentum 
teres,  the  depression  for  which  on  the  head  of  the  femur  I  found 
in  all  cases  distinctly  marked.  The  main  peculiarities  of  the 
articulations  of  the  leg  have  been  already  referred  to  in  a  former 
communication.^ 

Concluding  Remarks. 

In  a  brief  account  of  the  visceral  anatomy  of  the  Koala,  which 
appeared  in  the  pages  of  a  recent  number  of  this  Jourrud?  I  had 
to  explain  that  in  consequence  of  some  injury  having  happened 
to  the  pelvis  and  lower  part  of  the  abdomen  of  the  only  female 
specimen  which  came  into  my  possession,  I  was  not  able  to  speak 
with  absolute  certainty  as  to  the  anatomy  of  the  pelvic  organs. 
The  observations  of  Mr  Forbes,  which  subsequently  came  under 
my  notice,  show,  however,  that  my  statements  regarding  the 
viscera  in  question  were  substantially  correct.  On  other  points, 
also,  where  the  same  organs  are  referred  to,  our  observations 
practically  coincide.  The  exceptional  advantage  of  being  able 
to  examine  a  fresh  specimen  enabled  Mr  Forbes  to  give  a 
valuable  description  of  the  brain  of  the  Koala,  and  thus  the 
anatomy  of  the  soft  parts  of  Phascolarctos  may  be  regarded  as 
fairly  complete. 

1  «*  Some  Points  in  the  Anatomy  of  the  Koala,"  Proc.  Zool.  Soe,  1881,  p.  193. 

*  Jowm.  AnaL  and  Fhys.  vol.  xv.  p.  392. 

*  PdoL  ToL  XV.  p.  466. 
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Briefly,  the  leading  peculiarities,  so  far  as  the  visceral  anatomy 
is  concerned,  may  be  thus  summarised : — ^Well  defined  cheek 
pouches  exist ;  the  stomach,  which  is  uncomplicated  with  sacculi, 
is  provided  with  a  special  glandular  apparatus;  the  caecum  is 
enormously  long,  and  its  mucous  membrane,  as  well  as  that  of 
the  commencing  colon,  is  longitudinally  plicated ;  these  portions 
of  the  alimentary  canal  may  or  may  not  be  sacculated.^  Two 
small  glandular  patches  exist,  one  on  each  side  of  the  ileo-csecal 
aperture.  The  liver  is  noteworthy  as  presenting  the  maximum 
marsupial  tendency  to  lobar  subdivision,  and  as  possessing  a  gall- 
bladder which  projects  in  a  striking  manner  beyond  its  ventral 
margin.  A  vesicula  prostatica  exists  in  the  male,  and  the 
prostate  gland,  which  is  comparatively  small,  evidences  a 
tendency  to  a  division  into  two  lobes.  Mr  Forbes*s  observations 
show  further  that,  whilst  the  brain,  heart  and  main  vessels,  and 
the  lungs  differ  in  no  very  important  respects  from  these  organs 
in  other  marsupials,  there  are  still  some  points  with  reference  to 
them  which  are  worthy  of  special  note  as  bearing  on  the  afSnities 
of  the  Koala,  e.g.^  the  absence  of  an  azygos  lobe  in  the  lungs, 
and  the  occasional  independent  origin  of  the  left  carotid  artery 
from  the  aorta.  From  a  general  consideration  of  facts  relating 
to  the  visceral  anatomy,  as  well  as  from  others  referring  more 
particularly  to  the  skeleton,  Mr  Forbes  considers  the  Koala  to 
be  so  closely  allied  both  to  the  Phalangers  and  to  the  Wombat, 
that  he  suggests  the  grouping  of  these  together  as  subdivisions — 
PhalangistiruB,  Phascolardince,  and  PKascolomyiTue — of  the  PhaU 

Doubtless  the  classification  of  the  three  groups  just  mentioned 
would  not  be  materially  influenced  by  a  comparison  of  their 
muscular  systems.  The  modifications  met  with  in  the  muscular 
anatomy  of  the  Koala  are,  however,  so  remarkable  that,  without 
laying  undue  stress  upon  myological  features  as  constituting 
generic  distinctions,  it  will  at  least  be  interesting  to  see  whether 
muscular  arrangements  similar  to  those  described  in  Phascolardos 
obtain  throughout  PhcUangistidce. 

^  Mr  Forbes  {loc.  cU.  p.  184)  refers  to  the'sacculation  of  the  colon  and  csecum,  pre- 
viously described  by  Mr  Martin  {he.  ci£.,  p.  HI),  but  states  '*  I  could  find  no  traces 
of  any  such  sacculation  in  the  fresh  Koala  examined  by  me."  In  aU  my  speci- 
mens, which  were  spirit  preserved,  the  sacculation  was  distinct  and  regular. 
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As  the  most  important  of  these  myological  features,  which,  in 
any  case,  are  of  considerable  anatomical  interest,  I  would  refer 
particularly  to  those  arrangements  which  appear  to  indicate  an 
adherence  to  a  more  primitive  lamination  of  the  muscles  gene- 
rally, e.g.,  the  continuity  of  the  panniculus  camosus  with  the 
platysma,  and  the  prolongation  of  the  latter  to  ear,  eye,  and 
mouth;  the  prolongation  of  the  stemo-hyoid  and  omo-hyoid 
muscles  beyond  the  hyoid  bone;  the  union  of  the  styloid  group 
of  muscles  into  a  single  sheet ;  the  inseparable  character  of  the 
cervical  subvertebral  muscles;  the  undivided  rhomboidei;  the 
occasional  continuation  of  the  lowest  fibres  of  the  trapezius 
beyond  the  clavicle  to  the  pectoral  fasciai 

Noteworthy,  too,  is  the  segmentation,  by  transverse  tendinous 
intersections,  of  the  interned  ofll^ue  muscle,  the  absence  of  a 
distinct  quadratus  lumborum,  and  the  arrangement  of  the  hyo- 
glossus.  As  regards  the  fore-limb,  may  be  noted  the  extreme 
length  of  the  supinator  longus,  the  character  of  the  coraco- 
brachialis,  the^small  pronator  quadratus,  the  absence  of  an 
extensor  secundi  internodii,  the  arrangement  of  the  flexor  per- 
foratus,  and  of  the  intrinsic  muscles  of  the  hand. 

Tn  the  hind-limb,  the  absence  of  any  iliac  attachment  of  the 
gluteus  externus,  the  single  origin  of  the  biceps,  the  separate 
character  of  the  hamstrings,  the  occasional  attachment  of  the 
gracilis  to  the  marsupial  bone,  the  absence  of  a  soleus,  the  double 
tibialis  posticus,  the  peronsei,  the  muscular  modifications, 
associated  with  the  so-called  movements  of  pronation  and  supin- 
ation of  the  leg,  and  the  intrinsic  muscles  of  the  foot,  constitute 
the  chief  points  of  interest. 


Note. — ^With  the  external  characters  of  the  Koala,  naturalists 
have  long  been  familiar,  whilst  anatomists  are  well  acquainted 
with  the  principal  points  of  its  odontology  and  osteology.  To 
none  of  these,  therefore,  has  reference  been  made  in  this  or  any 
of  my  former  communications  on  the  anatomy  of  the  Koala. 

Diverse  statements,  however,  as  to  the  number  of  ribs  possessed 
by  the  Koala  obtain  in  different  accounts  of  its  osteology,  and  to 
these  I  "would,  before  concluding,  briefly  refer.   Professor  Owen  ^ 

^  Art  ^'Marsupialia,"  Cydop.  Jnal,  cmd  Phys.  yo\.  iii.  p.  268. 
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ai&rms  the  existence  of  thirteen  pair  of  ribs,  the  common  number 
amongst  marsupials.  Professor  Flower/  on  the  contrary,  states 
that  the  marsupialia  have  nearly  always  thirteen  pairs  of  ribs* 
the  Koala  {Phascolarctos)  with  but  eleven,  and  the  common 
Wombat  {Phascolomys)  with  fifteen,  being  the  only  known 
exceptions.  In  two  of  my  specimens  eleven  ribs  only  were  pre- 
sent, whilst  in  one  there  were  twelve,  the  latter,  according  to 
Professor  Owen  and  Cuvier,  being  the  number  met  with  in  the 
Petaurists.^ 

^  iTUroduction  to  the  Osteology  oftho  Mammjolia^  p.  94. 

'  Art.  ''  Marsupiftlia,"  Cydop.  Anai.  and  Phys.  toL  iii.  p.  277. 
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THE  ACTION  OF  SALINE  CATHARTICS.  By  Matthew 
Hay,  M.D.,  Derrumstrator  of  Practical  Materia  Medica,  in 
the  University  of  Edinburgh} 

Of  the  various  classes  of  cathartics  in  common  use  the  saline 
have  been  the  most  recently  introduced.  Common  salt,  it 
is  true,  was  occasionally  employed  as  a  purgative  by  the 
ancients,  and  probably  the  tartrates  of  potash  were  ^milarly 
used  by  Paracelsus  and  his  followers;  but  it  was  not  until 
the  discovery  of  sulphate  of  soda  by  Glauber  in  1658,  named 
by  him  sal  miraMle,  that  the  attention  of  physicians  was 
drawn  to  this  class  of  catharti^|)(  Five  years  later,  the  Duke 
of  Holstein  paid  500  thalers  for  the  secret  of  the  preparation 
of  the  long  famous  sai  polychrestus  or  tartarum  vitriolatumy 
a  mixture  probably  of  the  neutral  and  the  acid  sulphates  of 
potash.  Seignette,  an  apothecary  of  Eochelle,  prepared,  in 
1672,  the  double  tartrate  of  potash  and  soda.  Grew,  in  1675, 
was  the  first  to  observe  the  presence  of  S  purgative  salt  in 
the  springs  at  Epsom,  a  salt  which  was  afterwards  shown  by 
Dr.  Black  to  be  the  sulphate  of  magnesia.  Phosphate  of  soda 
was,  in  1737,  found  in  the  urine  by  Hellot,  and,  some  fifty  years 
later,  it  was  introduced  into  medicine  as  a  purgative  by  Dr. 
Pearson.  Thus,  by  the  conmiencement  of  the  present  century, 
all  the  principal  cathartic  salts  now  in  use  had  been  dis- 
covered. 

In  a  few  of  the  works  on  the  materia  medica  published  towards  the 
close  of  the  last  century,  as  those  of  Cullen  and  of  Lewis,  some  attempt 
was  made  to  indicate  the  manner  in  which  the  salts  produced  purgation ; 
but,  in  the  absence  of  experiment,  and*  with  a  very  imperfect  know- 
ledge of  alimentary  physiology,  the  opinions  expressed  are  of  Uttle  or 
no  valua  The  first  scientific  explanation  of  their  action  was  based 
upon  the  discoveries  of  Fischer  and  of  Dutrochet,^  who  had  demon- 
strated the  remarkable  physical  property  of  salts  known  as  osmosis. 
PolBseuille,^  in  a  very  ingenious  monograph,  believed  to  have  found 

^  This  paper  is  the  sabstance  of  a  thesis,  presented  on  the  1st  of  May  1881,  for 
graduation  as  doctor  of  medicine  in  the  University  of  Edinboigh,  and  to  which  a 
gold  medal  and  the  Goodsir  memorial  prize  were  awarded. 

'  Datrochet,  Becherehes  sur  Vendosmoss  et  Vexosmoaey  Paris,  1828. 

'  PoissemUe,  Kechereh,  expMmmt  attr  lea  mowoemeTita  des  liquides  dana  Us 
htbes  de  jpetUea  ddamHreat  Paris,  1828.     Camptes  rendua,  t.  xiz.  1844,  p.  94. 
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in  this  and  other  physical  qualities  of  salts,  and  indeed  of  all  drugs,  a 
complete  explanation  of  their  action.  That  the  purgative  effect  of 
salts  was  due  to  their  endosmotic  power  was  the  most  striking,  and 
appeared  the  most  satisfactory,  of  his  numerous  deductions.  This  view 
had  been  independently  arrived  at  by  Liebig,^  but  not  stated  with 
much  certainty  by  him  until  1848.  Both  had  observed  the  osmotic 
action  of  salts  in  relation  to  blood-serum  and  to  water,  but  neither  had 
controUed  their' experiments  by  any  on  the  living  body.  With  what 
degree  of  care  these  observers,  especially  Poisseuille,  arrived  at  this 
conclusion,  may  be  gathered  from  the  fact  that,  paying  no  heed  to  the 
irritant  or  specific  action  a  purgative  may  possess,  and  absolutely 
regardles9of  what  was  long  before  known,  that  certain  of  the  vegetable 
cathartics  can  act  as  efficiently  when  introduced  into  the  blood  as 
when  administered  by  the  mouth,  Poisseuille  ascribed  the  purgative 
action  of  even  senna,  colocynth,  aloes,  scammony,  jalap,  and  castor 
oil  to  their  endosmotic  power,  an  application  manifestly  absurd. 

Many  other  observers,  worki]i|^  with  much  the  same  method  and 
materials,  signified  their  adherence  to  the  view  of  Liebig  and  FoisseuiUe, 
in  so  far  as  it  concerned  the  action  of  saline  cathartics.  The  most  dis- 
tinguished among  these  was  Mateucci,^  who,  in  conjunction  with  Cima, 
has  furnished  physiological  physics  with  some  extremely  ingenious  and 
elegant  experiments.  Otto  Funke,^  and  his  pupil  Krug,*  from  investi- 
gations with  saline  fluids  and  animal  membranes,  arrived  at  the  same 
conclusion ;  and,  much  more  recently,  Rabuteau  *  has  endorsed  the 
opinion  of  these  physiologists,  since  he  has  observed  that  the  injection 
of  a  large  dose  of  sulphate  of  soda  into  the  circulation  of  a  dog  is  fol- 
lowed by  constipation  rather  than  by  purgation,  while  if  the  same 
dose  be  administered  by  the  mouth  purgation  will  ensue,  showing 
that  on  whichever  side  of  the  intestinal  mucous  membrane  the  salt  be 
placed  there  is  an  endosmotic  flow  of  fluid  towards  it  Still  more 
recently,  Heidenhain,^  from  not  having  perceived  the  same  eflect  follow 
the  action  of  a  solution  of  sulphate  of  magnesia  on  the  glandular 
structure  of  the  colon  as  when  pilocarpin,  a  glandular  stimulant,  was 
introduced,  has  concluded  that  the  salt  causes  *'  a  simple  endosmotic 
capillary  transudation,  and  not  a  real  glandular  secretion." 

Claude  Bernard  ^  was  among  the  firat  to  check  the  early  progress  of 
this  too  physical  school  He  strongly  objects  to  the  experiments  and 
conclusions  of  Poisseuille,  as  making  no  allowance  for  the  action  of  the 

^  Liebig,  Unterswh.  Hh,  die  MinercUquellemuSodenu.  Bemerk.  ilb.  die  Wirkung 
der  Scdzc  aufden  Organimnua,  Wiesbaden,  1889.     Ueber  die  Sc^bewegung,  1848. 

*  Mateucci,  Lectures  on  the  Physical  Phenomena  of  Living  Beings,  Translated 
by  Pereira,  1847,  p.  73. 

«  Funko's  Physiologic,  Leipzig,  1876,  S.  237. 

^  Krug,  NonmUla  de  iheoria  endosjnos,  etc.  Dissert,  Lipsiro,  1859. 

'  Rabuteau,  Mimoires  de  la  soe,  d.  biologie,  1868,  p.  21.     L'unioii  mcd.  1871, 
Nos.  50  et  52.     Gaz.  mM.  de  Paris,  1879,  14  June. 

'  Heidenhain,  Physiologie  d,  Absonderungsvorgdiigc,  Hermann^  Hdbuch,  d. 
Physiologic,  1880,  Bd.  v.  S.  172. 

7  Claude  Bernard,  Siibstcmces  toxiques  et  medicamentenses,  1857,  i>.  69,  et  seq. 
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nervous  system  and  the  mass  of  complex  phenomena  which  constitute 
the  living  individual — "Partout  oil  il  existe  de  la  mati^re,  cette  mati^re 
est  soumise  sans  doute  aux  lois  g^n^rales  de  la  physique  et  de  la 
chemie ;  mais,  chez  les  dtres  vivants,  I'action  de  ces  lois  est  ^troitment 
li^  k  une  foule  d'autres  influences  qu'on  ne  saurait  nier."  Sugar,  he 
says,  whose  endosmotic  power  is  veiy  high,  should,  according  to  the 
experiments  of  Poisseidlle,  act  pre-eminently  as  a  purgative.  Bernard's 
criticism  is,  so  far,  thoroughly  soimd  and  justiiiable ;  but  when  he 
proceeds  to  state,  as  an  objection  to  Poisseuille's  theory,  that  sulphate 
of  soda  purges  when  directly  introduced  into  the  veins,  and  even  better 
than  when  swallowed,  he  makes  sm  assertion  which  nearly  all  subse- 
quent observers  have  fSailed  to  prove.  As  he  quotes  no  experiments 
in  its  support,  it  is  probable  that  he  trusted  to  the  statements  of  others, 
or  to  a  common,  but,  as  will  be  'afterwards  more  fuUy  shown,  an 
erroneous  belief.  This  inaccuracy  does  not,  however,  impair  the 
correctness  of  his  conclusions ;  he  was  seeking  to  establish  general 
principles  of  medicinal  action,  not  to  discuss  in  particular  the  mode 
of  action  of  a  saline  purgative. 

The  theory  of  the  endosmotic  action  of  the  salt  was  more  power- 
fully opposed  by  the  experimental  investigations  of  Aubert^  and  of 
Buchheim^  and  his  pupil  Wagner,'  who  clearly  demonstrated  that  this 
theory  did  not  offer  a  complete  and  satisfactory  explanation  of  the 
purgative  action. 

Aubert,  under  the  direction  of  Jolly,  whose  memoir  on  endosmotic 
equivalents  has  become  classical,  investigated  the  osmotic  relation  of 
various  salts,  diuretic  as  well  as  purgative,  to  blood-serum,  with  the 
result,  that  he  ascertained  that  the  salt  with  the  highest  endosmotic 
power  is  not  the  most  purgative,  as  would  have  been  expected  were 
Poisseuille  and  Liebig's  theory  correct.  Comparing  three  of  the  most 
important  purgative  salts,  it  was  found  by  Aubert  that  phosphate  of 
soda  possessed  an  endosmotic  power  considerably  more  than  twice  as 
great  as  that  of  sulphate  of  soda,  while  the  endosmotic  equivalent  of 
the  latter  salt  was  nearly  thrice  that  of  sulphate  of  magnesia;  yet 
sulphate  of  magnesia  is  probably  the  most  powerful  cathartic  of  the 
three,  and  the  phosphate  is  certainly  the  weakest.  The  inference  is 
unavoidable  that  the  endosmotic  power  of  a  salt  is  no  indication,  or,  at 
any  rate,  not  the  sole  measure,  of  its  purgative  strength. 

From  a  few  other  experiments,  Aubert  concludes  that  the  degree  of 
concentration  of  the  salt  solution  administered  does  not  influence  the 
degree  of  purgation,  a  point  which  I  shall  afterwards  have  to  dispute. 
On  the  whole,  he  is  inclined  to  ascribe  the  catharsis  mainly  to  increased 
peristalsis,  aided  to  some  extent  by  the  osmotic  action  of  the  salt. 

Three  years  later,  Buchheim,  one  of-the  greatest  of  modem  pharma- 
cologists, and  whose  death  we  had  recentiy  to  deplore,  conducted  a 
series  of  experiments  on  himself  and  his  pupil  Wagner.  In  several 
instances  they  estimated  the  quantity  of  the  purgative  salt  recoverable 

^  Aubert,  Zeitachri/tf.  rationelle  Medicin,  Bd.  i.  1851,  S.  93,  u.  225. 

*  Buchheim,  Arch.  f.  physiolog,  HeUkunde,  1854,  S.  93. 

'  Wagner,  Dc  effectu  natri  sul/urici.  Dissert,  inaug.  Dorpat,  1858. 
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from  ihe  urine  after  its  adminiBtration  in  varying  doses  and  degrees  of 
dilation.  They  arrive  at  much  the  same  conclusions  as  Aubert,  and 
attribute  to  increased  peristaLsis — ^for  which  they  did  not,  any  more 
than  Auberty  furnish  direct  proof — the  principal  action  in  purgation. 
They  make  the  further  suggestion,  but  equally  fail  to  prove  it,  that 
the  water  of  the  stools  is  not  the  result  of  incr^ised  secretion  from  the 
intestinal  mucous  membrane,  but  rather  the  water  in  which  the  salt 
was  dissolved  when  administered,  or  with  which  it  came  in  contact 
in  the  alimentary  canal.  Their  own  experiments  ought  to  have  led 
them  to  an  opposite  conclusion ;  for  on  no  occasion  did  they  find  that 
the  concentration  of  the  solution  of  the  salt  affected  the  activity  of  the 
salt.  In  contradiction  of  a  single  and  unsatisfactory  experiment  of 
Aubert,  they  observed  no  purgation  follow  the  injection  of  the  salt 
into  the  circulation.  In  this  they  were  supported  by  some  experi- 
ments made  in  the  same  year  by  Bonders.  ^ 

A  few  years  previous  to  the  investigations  of  these  observers,  the 
eminent  chemist  and  physiologist,  Carl  Schmidt,^  had  advanced  a  new 
theory,  or  rather  revived  the  theory  of  many  of  the  older  pharmaco- 
logists, that  the  salt  excited,  from  the  effect  of  local  stimulation,  a 
"  transudation "  through  the  capOlaries  of  the  intestine,  which  was 
neither  an  intestinal  secretion  nor  ah  inflammatory  exudation.  Ho 
based  this  view  upon  the  resemblance  in  chemical  composition  of  the 
purgative  stool  to  the  choleraic  dejection,  the  latter  of  which  he 
believed  to  be  produced  in  a  similar  manner.  This  theory  has  not 
met  with  much  support,  Badziejewski  ^  and  others  having  proved 
that  it  is  untenable.  By  some,  however,  and  even  by  so  high  an 
authority  as  Hoppe-Seyler,^  and  by  those  generally  who  do  not  believe 
that  the  existence  of  an  intestinal  secretion  has  been  sufficiently 
demonstrated,  it  is  still  regarded  as  the  most  probable  of  the  various 
theories  advanced,  as  Schmidt's  analysis  of  the .  purgative  dejection 
agrees  very  closely  with  that  of  the  serous  transudation  of  dropsy. 

To  Headland,^  at  this  time,  are  we  indebted  for  a  still  more  novel 
view  of  the  action  of  the  saline  cathartic,  a  view  which  has  been 
entirely  ignored  by  all  subsequent  investigators.  In  his  well-known 
work  on  &ie  Action  of  Medicines,  he  had  formulated  a  law,  that  all 
medicines  pass  into  the  circulation  before  they  can  exercise  their  action 
on  the  body ;  and,  as  a  particular  iostance  and  proof  of  this,  referred  to 
the  purgative  action  of  certain  salts.  Misled  by  Aubert's  paper,  he 
wrongly  assumed  that  these  salts  purge  when  injected  into  the  blood, 
and  unwarrantably  deduced  that  only  after  absorption  into  the  blood, 
when  administered  in  the  usual  way,  could  they  purge,  the  salts  being 
absorbed  by  the  stomach  and  upper  part  of  the  small  intestine,  and  in 
the  process  of  their  elimination  by  the  glands  of  the  lower  part  of  the 

^  Donders,  Physiologie  d.  Menschen,  Leipzig,  1859,  Bd.  i.  a.  814. 
^  Carl  Schmidt,  Characteristik  d,  epidem.  Cholera,  Leipzig,  1850,  s.  90,  et  seq. 
>  Radziejewski,   ''Zur  physiolog.  Wirknng  d.  Abfuhrmittel,"  Heich.  u.  Du 
BmS'BeynumSs  Archiv.  1870,  HfL  i.  s.  30,  u.  67. 
*  Hoppe-Seyler,  Phyaiolog.  Chemie,  1878,  Th.  ii  s.  275,  u.  368. 
^  Headland,  Action  of  Medicines^  4th  ed.  1867,  p.  441,  and  p.  55,  et  aeq. 
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small  iAtestine  exciting  the  secretion  of  these  glands.  This  belief  he 
founded  upon  three  experiments  on  as  many  dogs,  to  each  of  which  he 
administered  a  purgative  dose  (180  grains)  of  sulphate  of  magnesia. 
One  he  killed  three-quarters  of  an  hour  afterwards ;  another  in  an 
hour  and  a  half;  and  the  third  after  two  hours.  By  a  somewhat 
imperfect  method  of  analysis,  the  amount  of  the  magnesia  recoverable 
from  the  contents  of  the  alimentary  canal  of  each  dog  was  estimated, 
and  the  corresponding  quantity  of  sulphate  of  magnesia  calculated. 
From  the  first  dog  he  obtained  fifty-six  grains  of  the  salt ;  from  the 
second,  seventy-seven  grains ;  and  from  the  third,  ninety-sevrai  grains. 
The  conclusion  appears  unavoidable,  that  the  salt  is  first  absorbed  and 
afterwards  excreted  These  experiments  stand  in  opposition  to  the 
observations  of  all  investigators  since  Headland's  time,  a  single  experi- 
ment by  Carpenter  ^  alone  appearing  to  support  them,  purging  having 
been  produced  when  sulphate  of  magnesia  was  iigected  into  the 
stomach  with  its  pylorus  ligatured.  How  far  these  observers  are  right, 
a  large  number  of  experiments  of  my  own  will  determine. 

In  the  same  year  in  which  Buchheim  published  his  paper,  Colin  ^ 
made  known  a  new  method  for  ascertaining  the  action  of  a  purgative 
salt  on  the  intestine,  a  method  which  had  been  previously  employed 
by  Hunter,  Magendie  and  others  in  the  study  of  absorption,  but  not 
in  determining  the  effect  of  purgatives.  Moreau  ^  did  not  make  use  of 
this  method  until  many  years  aiterwards,  although  to  him  is  generally 
and  wrongly  ascribed  its  first  employment.  It  consisted  in  making  an 
incision  into  the  abdomen  of  the  horse  (Colin)  or  dog  (Moreau),  ex- 
posing the  intestine,  into  a  loop  of  which,  separated  from  the  remainder 
of  the  gut  by  a  couple  of  ligatures,  was  injected  a  strong  solution  of 
the  purgative  salt  As  controls,  a  loop  was  ligatured  off  at  each  end 
of  the  original  loop,  and  in  these  no  salt  solution  was  placed.  In  every 
instance  they  found  that  the  salt  solution  had  largely  increased  in 
bulk,  while  the  adjacent  controls  remained  perfectly  empty.  These 
two  observers  do  not^  however,  agree  as  to  the  nature  of  the  secretion. 
Colin  regards  it  as  a  serous  exudation ;  while  Moreau  maintaiuB  that  it 
is  a  true  MfOMfvuB  eniencus.  The  latter  is  of  this  opinion,  because  the 
fluid  closely  resembles  that  obtained  by  division  of  the  mesenteric 
nerves  supplying  the  loop,  an  experiment  for  which  we  are  indebted  to 
the  ingenuity  of  Moreau.^  Both  fluids  did  not  contain  more  than  from 
0*1  to  0*2  per  cent  of  albumen,  a  quantity  much  smaller  than  is  met 
with  in  serous  transudations.  As  many  physiologists  still  doubt  the 
existence  of  a  true  meats  entericus,  and  as  the  proof  of  its  existence 
and  the  capability  of  its  rapid  secretion  is  of  the  highest  importance  in 
solving  the  nature  of  purgative  action,  it  is  well  to  consider  upon  what 
grounds  this  fluid  obtained  by  section  of  the  mesenteric  nerves  can  be 
regarded  as  a  veritable  intestmal  juice,  and  not  a  mere  serous  transu- 

^  Carpenter's  Comparative  Physiology^  4th  ed. 
'  Colin,  Fhysiologie  eompar^f  1854,  t  i.  p.  649. 

*  Moreau,  Archiv.  giiUreU,  d.  midedne,    YI.  8^rie,  t  xyi.  p.  234,  1870. 

*  Moreaa,  Gomptea  rendiis,  t.  Ixvi  p.  554  ;  confirmed  by  Aspy  Ludwig^a  Ar- 
heUcUy  1868  ;  and  Radziejewuki,  op  eit,  S.  41. 
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dation.  Its  chemical  composition,  as  Moieau  has  pointed  out,  clearly 
supports  this  belief.  Unfortunately,  Moreau  has  not  furnished  us 
with  an  examination  of  its  digestive  properties.  What  these  are  will 
again  be  discussed.  In  the  meantime,  I  would  advance  this  further 
argument  in  favour  of  the  fluid  being  a  true  secretion ;  that  in  the 
case  of  certain  well-known  secreting  glands,  as  the  submaxillary  and 
sublingual  salivary  glands,  and  the  pancreas,  Bernard,^  Heidenham,^ 
and  Bernstein^  have  proved  that  a  so-called  "paralytic"  but  true 
secretion  is  produced  by  the  division  of  all  the  nerves  suppl3ring  these 
organs;  why  not  from  the  intestinal  follicles  after  division  of  the 
mesenteric  nerves  1 

These  experiments  with  purgatives,  after  the  method  of  Colin  and 
Moreau,  have  since  been  repeated  with  extreme  care  by  Vulpian,* 
and  by  Lauder  Brunton,^  by  Bottger^  in  the  laboratory  of  Bern- 
stein, and  by  Brieger  ^  at  the  suggestion  and  under  the  guidance  of 
Cohnheim,  and  invariably  with  the  same  result — ^the  excitation  of  a 
profuse  secretion  in  the  injected  loop. 

Lauder  Brunfcon's  experiments  were  professedly  a  careful  repetition 
on  the  cat  of  those  of  Moreau  and  Vulpian,  for  the  purpose  of  testing 
the  accuracy  of  their  results.  He  states  his  belief  that  the  fluid  secreted, 
on  account  of  its  containing  little  albumen,  is  a  true  intestinal  secretion, 
and  not  a  transudation. 

Bottger,  in  his  investigation,  used  frogs  and  rabbits.  The  secretion, 
which  was  copious,  was,  as  obtained  from  the  latter  animals,  mixed 
with  blood,  and  yielded  a  large  precipitate  of  albumen.  He  believed 
that  the  results  of  his  experiments  were  best  explained  by  the  theory 
of  Carl  Schmidt,  as  the  secretion  possessed  the  composition  of  a  trans- 
udation. He  apparently  overlooked  the  fact  that  blood  is  not  usually 
present  in  the  purgative  stools  of  sulphate  of  soda,  and  that  its  presence 
in  the  fluid  he  obtained  would  sufliciently  account  for  the  large  quantity 
of  albumen. 

Brieger  improved  upon  the  method  of  the  others  to  the  extent,  that 
he  washed  out  the  loop  of  intestine  before  injecting  the  saline ;  so 
that  the  secreted  fluid  might  be  free  from  mixture  with  the  remnants 
of  partially  digested  food  which  were  possibly  present.  The  secretion 
obtained  was  yellowish  in  colour,  and  capable  of  digesting  starch,  and 
of  dissolving  raw  fibrin,  but  was  without  action  on  boiled  fibrin ;  it 
contained  mucous  and  epithelial  corpuscles,  but  no  haemocytes.  The 
mucous  membrane  was  pale  and  uncongested.  The  fluid,  he  con- 
cludes, is  a  true  intestinal  secretion. 

^  Bernard,  Lemons  sur  les  proprUUs  physiol.  etc.,  des  liquidcs  de  Vorganiame^ 
Paris,  1859. 

^  Heidenhain,  Sttid,  d,  physiolog.  InstU,  zu  Brealau^  Leipzig,  4  Hit. 

>|Bernstein,  SUzimg^,  d,  Akad.  d.  Wias.  zu  Leipsig,  1869,  3.  96. 

*  Vulpian,  Gazette  medicale,  1873,  p.  300.  Lemons  9ur  Vappardl  vasmnote^ir, 
t.  i.  p.  458,  ei  seq. 

5  Lauder  Brunton,  Praeiitumer,  vol.  xii.  1874,  pp.  342  and  408. 

«  Bottger.  ITeber  d.  physiolog.  Wirkung  d.  AbfUhrmittel.  Inaug.  dissert. 
-Halle,  1874. 

"  Brieger,  Arch./,  experim.  Path,  u.  Pharm.  Bd.  viii.  1878,  S.  355. 
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Yulpian's  investigation  is  one  of  greater  length  and  complexity  than 
thoee  of  the  others,  and  requires  a  more  extended  notice,  the  more  as 
he  furnishes  a  new  explanation  of  the  action  of  the  salt.     He  asserts 
that  the  salt  neither  excites  a  follicular  secretion  nor  a  dropsical 
transudation,  hut  irritates  the  intestinal  mucous  memhrane,  causing  an 
inflammatory  exudation.     The  irritation,  he  helieves,  is  not  produced 
directly,  hut  reflexly  through  a  nervous  mechanism  involving  the 
sensory  nerves  of  the  intestine,  the  various  ganglia  of  the  plexuses  of 
Meissner  and  Auerhach,  the  solar  and  mesenteric  plexuses,  and  even 
those  of  the  lower  thoracic  nerves,  and,  finally,  the  vasomotor  nerves. 
In  opposition  to  this  theory  of  Yulpian,  I  shall  so  far  anticipate  the 
results  of  my  own  experiments  as  to  deny  that  the  salt  ever  excites  an 
inflammatory  or  catarrhal  imtation  of  the  inteetiBal  m«co«a  membrane, 
as  judged  from  an  examiaation  of  the  membrane  after  it  has  been  in  con- 
tact with  a  solution  of  the  salt,  even  so  strong  as  twenty  per  cent ; 
and,  as  regards  the  involvement  of  a  reflex  nervous  mechamsm,  it  may 
be  true,  but  it  is  quite  devoid  of  experimental  proof,  if  we  except  the  ex- 
periment of  Moreau,  in  which  he  showed  the  effect  of  the  division  of 
the  mesenteric  nerves  on  the  intestinal  secretion.    Although  the  secre^ 
tion  is  produced  in  this  case  by  interference  with  the  nerve  supply,  it 
does  not  necessarily  follow  that  secretion  cannot  be  excited  by  direct 
stimulation  of  the  intestinal  glands  by  the  salt.     Yulpian  asserts  that 
the  fluid  obtained  by  Moreau  in  this  experiment  is  not  intestinal 
juice,  as  it  has  not  been  shown  to  possess  any  digestive  power,  and  is 
more  fluid  than  the  true  juice.     He  apparently  forgets  that  Badzie- 
jewski  ^  found  that  it  digested  starch  with  ease,  and  dissolved  albumen ; 
and  I  do  not  know  that  more  has  been  satisfactorily  proved  for  the 
gitccus  entericus.     And,  as  to  its  fluidity,  ordinary  methods  have  failed 
to  sepamte  the  juice  in  sufficient  quantity  and  purity  to  enable  us  to 
form  an  opinion  of  the  constancy  and  value  of  this  character. 

Besides  experiments  with  purgatives  made  by  the  method  of  Colin 
and  Moreau,  Yulpian,  through  an  incision  in  the  abdominal  wall, 
injected  into  the  duodenum  of  the  unligatured  intestine  of  a  dog  a 
quantity  of  a  solution  of  the  saline ;  and  an  hour  afterwards  extended 
the  incision  upwards  to  the  xiphoid  cartilage  and  downwards  to  the 
symphysis,  and  observed  the  appearance  and  movements  of  the  intes- 
tine, as  the  salt  solution  passed  towards  the  colon.  «  On  first  exposing 
the  gut,  he  noticed  that  the  duodenum  was  reddened,  and  that  gradually 
and  slowly  the  jejunum  and  ileum  became  congested.  This  congestion 
he  attributed  to  the  action  of  the  salt,  but  it  was  obviously  due  to  the 
exposure  of  the  delicate  peritoneal  surface  of  the  intestine  to  the  cold 
and  dry  atmosphera  Many  investigators,^  as  well  as  myself,  have  had 
occasion  to  observe  how  quickly  an  inflammatory  reddening  suffuses 
the  walls  of  the  gut,  when  it  is  exposed  to  the  ordinary  atmosphere ; 
one  or  two  minutes  are  often  sufficient.  The  conditions  of  this  experi- 
ment are  not  good,  and  the  results,  therefore,  untrustworthy. 

^  Radziejewfiki,  op.  cU.  S.  45. 

'  LegroB  et  OnimoB,  Journ.  de  VancUomie  et  physiolog.  1869,  p.  178.  Hoack- 
gcest,  PflUger*s  Archiv.,  1872,  S.  266. 
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Vulpian  also  injected  the  sulphate  of  soda  into  the  ciroulation,  and 
obtained  the  same  negative  result  as  Buchheim,  Wagner,  Donders,  and 
RabuteaiL  In.  this  he  also  agreed  with  Jolyet  and  Cahours,^  who 
fonnd  from  two  experiments,  likewise  made  on  dogs,  that  neither  the 
sulphate  of  soda  nor  the  stdphate  of  magnesia  purge  when  so  injected. 
That  is  their  conclusion,  aliJiough  they  record  that  two  liquid  bilious 
stools  were  evacuated  during  tiie  following  night  by  the  dog  which 
received  the  latter  salt 

In  the  course  of  his  investigation,  Vulpian,  having  become  aware  of 
some  experiments  by  Luton,^  in  which  tJie  subcutaneous  injection  of 
small  doses  (1  decigrm.)  of  sulphate  of  magnesia  in  man  was  followed 
by  purgation,  repeated  these  experiments  on  dogs,  and  with  a  like 
result.  He  had  previously  ascertained  that,  curiously  enough,  a  large 
dose  (10  grms.)  of  sulphate  of  soda  did  not  purge  when  so  injected. 
Premising  that  the  small  dose  is  absorbed,  and  thereby  produces  its 
purgative  effect,  while  forgetting  that  a  similar  dose  injected  directly 
into  the  blood  will  not  purge,  he  proceeds  to  explain  the  negative 
result  following  the  subcutaneous  injection  of  the  large  dose  as  being 
due  to  its  non-absorption,  from  the  amount  of  inflammatory  irritation 
and  effusion  it  excites  in  the  surrounding  tissues;  surely  a  most 
fallacious  assumption,  as  at  least  out  of  10  grms.,  1  decigrm.,  or  one 
hundredth  part,  must  be  absorbed  and  pass  into  the  circulation. 

In  the  following  year,  Carville,^  at  Vulpian's  suggestion,  repeated 
these  experiments  on  dogs,  and,  having  injected  subcutaneously  a 
decigrm.  of  sulphate  of  magnesia,  he  killed  the  dogs  before  purgation  had 
occurred.  In  all  he  found  a  catarrh  of  the  whole  intestine,  the  mucous 
membrane  being  congested  and  covered  with  a  aangtdnecms  effusion. 
This  Vulpian  supposes  to  thoroughly  harmonise  with  his  theory  of  in- 
flammatory irritation;  but,  it  is  certainly  remarkable  that,  while 
the  absorption  of  a  decigrm.  will  so  greatly  inflame  the  intestine, 
other  investigators  haye  never  observed  this  condition  follow  the  in- 
troduction of  the  salt  in  very  much  larger  quantity  into  the  alimentary 
canal,  or  its  direct  injection  into  a  loop  of  the  intestine. 

Aubert,  Buchheim,  and  Wagner  I  have  already  referred  to,  as  assign- 
ing to  excited  peristalsis  of  the  intestines  the  most  important  part  in 
the  production  of  saline  catharsis.  This  is  an  opinion  still  very  largely 
shared  by  German  pharmacologists,  especially  since  it  has  received 
apparent  confirmation  in  Thiry's  ^  well-known  communication,  and  in 
the  laborious  investigation  of  RadziejewskL^ 

Thiry,  whose  work  was  carried  out  in  the  laboratory  of  Ludwig, 
employed  a  new  and  ingenious  method  for  isolating  a  portion  of  the 
gut.  He  made  an  incision  through  the  abdominal  wall  of  a  dog,  and 
withdrew  a  loop  of  the  small  intestine,  which,  by  dividing  at  its  two 

^  Jolyet  et  Cahoara,  Archives  de  physiologic,  1869,  p.  113. 
^  Luton,  Bulletin  de  la  sociiU  nUd.  de  Reims,  1873,  p.  126.    0<vu  hebdom, 
1874,  p.  465. 

*  Carville,  Gaz.  Tiehdom.  1874,  p.  405. 

*  Thiry,  Sitzungob,  d,  k,k.  Akad.  d.  JVissenscha/L,  Sitz.  25  Febr.  1864.  S.  19. 
'^  Radziejewski,  op.  dt. 
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eztiemitieBy  he  completely  separated  from  the  S3mainder  of  the  inteetine, 
keeping,  however,  its  mesentery  intact.  Tlie  continuity  of  the  ali- 
mentary canal  he  restored  by  carefully  joining  with  sutures  the  cut 
ends  of  the  intestine.  The  isolated  loop  was  then  carefully  doeed  by 
sutures  at  its  one  extremity,  which  was  replaced  within  the  abdomen, 
while  the  other  extremity,  kept  patent,  was  sewn  to  the  margins  of 
the  rentral  wound.  In  those  dogs,  in  which  the  operation  succeeded^ 
Thiiy  thus  contrived  to  have  a  portion  of  the  intestine  free  from  con- 
tact with  the  aliment,  and  communicating  with  the  outer  air  by  an 
abdominal  fistula,  accordingly,  ready  of  access  and  easy  of  observatioiL 
No  experiment  was  made  until  at  least  fourteen  days  af terwards^  which 
time  was  required  for  the  healing  of  the  wounds. 

Thiry's  main  object  was  to  examine  the  nature  of  the  tuccus  entericv^y 
which  he  hoped  to  have  obtained  abundantly  by  this  method.  In 
this  he  was  disappointed ;  for  the  strongest  mechanical  irritation  of 
the  mucous  membrane  of  the  isolated  loop  did  not  yield  him  more  than 
4  grms.  of  secretion  per  hour,  from  a  loop  15  centimetres  long.  The 
injection  of  a  strong  solution  of  sulphate  of  magnesia  equally  failed  to 
excite  secretion.  Thiry  believed^  from  the  latter  experiment,  to  have 
furnished  proof  of  Aubert's  theory,  that  the  salt  does  not  stimulate 
the  intestinal  secretion,  but  acts  by  increasing  the  peristalsis. 

There  is,  however,  this  serious  objection  to  Thiry's  method,  that 
functional  disuse  of  the  fistulous  loop  for  fourteen  days  or  longer  with 
the  concomitant  severe  disturbance  produced  by  the  operation,  in  all 
:  probability,  seriously  impaired  the  secrotory  activity  of  the  lieber- 

kuhnian  foUicles.  £ven  the  few  grammes  of  fluid  obtained  by 
mechanical  irritation  possess,  according  to  Hoppe-Seyler,^  exactly  the 
characters  of  serum,  and  are,  therefore, ,  an  inflammatory  exudation, 
and  not  a  time  secretion.  Schiff,^  Leube,^  Quincke,^  Paschutin,^  and 
Eadziejewski  ®  have  repeated  these  experiments,  and  in  every  instance 
with  a  similar  result  The  last  of  these  observers  also  administered  a 
purgative  dose  of  the  salt  per  os,  and  collected  the  fluid  which  dropped 
from  the  fistula  during  the  succeeding  twelve  hours.  He  found  that, 
although  free  purgation  had  meanwhile  occurred,  thero  was  no  increase 
in  the  secretion  from  the  isolated  loop.  If  Thiry^s  method  were  trust- 
worthy, Radziejewski's  experiment  would  be  opposed  to  the  theory  of 
Headland.^ 

Radziejewski  conducted  his  investigation  in  the  laboratories  of 
Kiihne  and  of  Du  Bois-Reymond,  to  the  former  of  whom  and  Rosen- 
thal he  specially  acknowledges  his  indebtedness  for  suggestions  and 
assistanca  As  a  result  of  his  labours  he  has  furnished  us  with  the 
most  comprehensive  contribution  that  has  as  yet  been  made  to  this 

*  Hoppe-Seyler,  op.  cU,  S.  275,  u.  360. 

*  Schiff,  Nuave  rUherehe  stdpoUre  digerente,  Ac,  Morgagni,  July  1867,  p.  5. 
'  Leube,  Jahresb,  d.  ges.  Med,  1868,  S.  97. 

^  Quincke,  Archiv.  /.  An/Ucm,  u.  Ph/yaiolog,  1868,  S.  150. 
4  *  Paschutin,  RHchert  u.  Du  Bais-Bq/mond's  Archiv,  1871,  S.  305. 

'  Radziejewski,  op,  cU.  8.  49. 
^  Headland,  supra^  p.  246. 
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discussion.  It  opens  wi^«h  a  series  of  analyses,  chiefly  qualitative,  of 
the  faeces  of  the  dog  under  normal  conditions,  and  with  a  biliary 
fistula.  He  then  proceeds  to  an  examination  of  its  composition  after 
the  administration  of  various  purgatives,  among  others,  sulphate  of 
magnesia  Here  he  remarks  that,  with  the  exception  of  the  increased 
proportion  of  water  and  the  absence  of  indol,  the  stools  are  perfectly 
normal  in  composition,  the  albumen  barely  exceeding  its  usual  quantity. 
From  these  facts  and  others  he  opposes  strongly  the  theory  of  Schmidt 
— ^that  the  increase  of  fluid  is  due  to  serous  transudation.  The  con- 
cluding sentence  of  his  paper  expresses  this  very  distinctly — "die 
Entleerungen  nach  Abfiihrmitteln  sind  Darminhalt^  nicht  Trans- 
sudaf  Working  with  the  object  of  proving  that  increased  intestinal 
peristalsis  is  the  principal  factor,  he  frankly  admits  that  his  experi- 
ments, so  far,  do  not  positively  prove  it;  for  he  expected  to  have 
found,  had  peristalsis  been  accelerated,  that  the  fsBces  would  have 
contained  more  partially  digested  food  than  they  actually  did. 

The  second  part  of  his  paper  is  occupied  with  an  amplifled  repeti- 
tion of  Moreau's  experiments  on  the  eflect  of  the  division  of  the 
mesenteric  nerve&  In  this  he  is  not  altogether  very  fortunate,  for, 
in  his  first  experiment,  no  secretion  took  place,  although  he  had 
divided  aU  the  nerves  entering  the  loop.  A  more  careful  examina- 
tion at  the  autopsy  revealed  a  few  flbrik  uncut  This  is  an  experi- 
ence which  afterwards  befell  Vulpian,^  and  is  of  much  interest  and, 
I  believe,  importance,  although  neither  observer  draws  any  conclusion 
from  it.  Why  does  the  copious  secretion,  following  the  division  of 
the  mesenteric  nerves  supplying  a  loop  of  intestine,  not  occur  when  a 
fibril  or  two  escape  section  ?  The  probable  explanation  seems  to  me 
to  be  that  the  mesenteric  nerves  not  only  inhibit  secretion,  but  also 
excite  absorption ;  and  the  latter  process  is,  in  all  likelihood,  much 
more  active  than  the  former,  so  that  the  small  part  of  the  mucous 
membrane  of  the  loop  still  retaining  its  mesenteric  nerve-supply  is 
capable  of  absorbing  all  the  fluid  that  the  remainder  of  the  mucous 
surface  can  secrete.  That  nerves  do  exercise  a  considerable  influence 
over  absorption,  the  beautiful  experiments  of  Goltz^  have  demon- 
strated ;  and  why  not  in  the  intestine,  where,  par  excellence,  we 
would  expect  this  influence  to  be  manifest  ?  The  introduction  of  this 
view,  according  to  which  the  quantity  of  the  intestinal  fluids  is 
governed  by  two  different  sets  of  nerves, — those  of  secretion,  and  those 
of  absorption,  may  seem  somewhat  out  of  place ;  but,  as  will  after- 
wards be  seen,  it  is  of  importance  in  considering  the  action  of  a 
purgative.  For  the  salt  may  inhibit  absorption  as  well  as  excite  secre- 
tion, and  thus  doubly  aid  the  accumulation  of  fluid  within  the 
intestines. 

In  another  experiment  Radziejewski  injected  croton  oil  into  a  liga- 
tured loop  with  its  nerves  undivided,  and  observed  violent  diarrhoea 
follow.  This  he  believes  to  be  due  to  reflex  excitement  of  the  peri- 
stalsis of  the  whole  intestine,  occasioned  by  the  croton  oil  confined  in 

^  Yulpian,  Lemons  sur  VappareU  vcLSomoteuTf  t.  1. 
*  Goltz,  PfiUger'8  Arehiv.  Bd.  v.  S.  68. 
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the  ligatured  loop,  forgetting,  as  his  own  protocol  states,  that  the 
mucous  membrane  of  nearly  the  entire  length  of  the  intestine  was 
much  congested,  and  the  barrel  above  the  ligatured  coil  distended  with 
fluid,  obviously  an  excited  secretion.  For  neither  of  these  conditions, 
of  hypereemia  and  hyper-secretibn,  could  increased  peristalsis  account 
Eadziejewski  was  attempting  to  prove  that  excited  peristalsis  is  the 
cause  of  all  purgative  action,  and,  in  his  eagerness  to  conform  the 
results  of  his  experiments  to  his  theory,  he  clearly  oversteps  the  limits 
of  fair  deduction*  He  did  not  inject  a  solution  of  a  purgative  salt 
into  such  a  loop,  and  therefore  omitted  the  experiment  which  operates 
most  strongly  against  his  theory. 

Eadziejewski  closed  his  investigation  with  an  examination  of  the 
time  required  by  the  food,  with  and  without  a  purgative,  to  pass  from 
the  stomach  to  the  coecum,  the  latter  having  been  rendered  accessible 
by  means  of  a  fistula.  Berries  and  crushed  bones  administered  with 
sulphate  of  magnesia  appeared  at  the  coecal  fistula  in  much  the  same 
time  as  without  the  salt,  but  were  preceded  by  a  discharge  of  fluid. 
As  a  fact  of  practical  value,  he  further  observed  that,  especially  after 
the  administration  of  a  drastic  purgative,  gastric  digestion  was  com- 
pletely arrested ;  pieces  of  meat  which  had  been  eaten  along  with  the 
purge  some  hours  previously,  were  taken  from  the  coecum  much  in  the 
same  raw  state  as  when  ingested.  The  last  of  his  numerous  experi- 
ments consisted  in  watching  the  effect  produced  by  the  purge  on  the 
peristaltic  movements ;  but  he  never  could  distinguish  more  than  a 
moderate  movement  (massiger  Bewegung). 

The  researches  of  Thiry  and  Eadziejewski  present  the  main  facts  on 
which  those  who  believe  that  purgatives  act  by  accelerating  intestinal 
movement  base  their  opinion.  I  have  given  a  perfectly  unprejudiced 
account  of  the  investigations  of  these  observers ;  and  I  think  it  will 
be  readily  granted  that  such  a  conclusion  is  not  warranted  by  the 
results  of  their  experiments.  Moreover,  others  as  Legros^  and  Onimus, 
and  Van  Braam  Houckgeest,^  with  suitable  apparatus  for  observing  and 
registering  the  movements  of  the  intestines,  and  using  certain  precau- 
tions to  avoid  exposure  of  the  intestines  to  the  cold  and  dry  atmo- 
sphere, have  made  a  particular  study  of  the  effect  of  purgative  and 
other  salts  on  these  movements,  and  are  quite  unanimous  in  their 
conclusions  that  the  saline  cathartic  does  not  increase  the  intestinal 
peristalsis. 

Among  the  most  recent  contributions  to  the  subject  of  purgative 
action  are  those  of  Aguilhon,^  and  Laborde,^  and  a  further  communica- 
tion by  Eabuteau.^  Agailhon,  in  a  study  of  the  action  of  the  purgative 
waters  of  Ch&telguyon,  has  concluded  that  the  active  ingredient  is 
chloride  of  magnesium ;  and  this  salt  he  has  found  by  experiment  to 
purge,  whether  injected  into  the  stomach  or  into  the  blood.     Laborde 

^  Legros  et  Onimus,  Joum,  de  Vanat,  etphysiol,  dc  Bobin,  1869,  p.  187. 

*  Houckgeest,  PflUger's  Arehiv  1872,  S.  266. 
'  Agnilhon,  Oaz.  hebdom,  1879,  p.  386. 

*  Laborde,  Oaz.  hebdcm.  1879,  p.  862. 
s  Rabuteaii,  Gaz,  mid.  1879,  No.  29. 


254  DB.  MATTHEW  HAY. 

has  obeerved  incTeased  peristaltic  movements  follow  the  intravenous 
injection  of  the  salt,  but  in  no  ease  purgation.  Eabuteaa  denies  that 
it  is  capable  of  producing  either  effect  when  so  injected. 

Professor  Rutherford  ^  has  lately  supplied  us  with  the  results  of  an 
exhaustive  research  on  the  action  of  a  large  number  of  substances  on 
the  secretion  of  the  bile,  and  has  shown  that  whatever  effect  saline 
purgatives  may  exert  on  the  expulsion  of  bile  from  the  gall-bladder, 
they  do  not  greatly  influence  the  bile  secretion.     Phosphate  of  soda, 
sulphate  of  soda,  sulphate  of  potash,  and  Eochelle  salt  all  slightly 
increased  the  bile  secretion,  whilst  sulphate  of  magnesia  diminished  it 
Generally,  he  has  found  that  even  in  Uie  case  of  powerful  cholagogues, 
as  podophyUin,  the  greater  the  purgative  action,  the  less  is  the  excita- 
tion of  the  biliary  secretion.     The  bile  does  not,  therefore,  appear  to 
be  an  important  source  of  the  fluid  found  in  the  intestines  during  the 
action  of  a  purgative.     Eutherford  also  observed  the  action  on  the 
intestines  of  the  various  cathartics  after  their  iigection  into  the  duo- 
denum.    In  the  case  of  the  purgative  salts,  his  solutions  were  so  con- 
centrated, rarely  less  than  fifty  per  cent,  that  they  produced,  as  the 
autopsy  revealed,  considerable  inflammatory  irritation  of  the  intestinal 
mucous  membrane,  a  condition  which  does  not  follow  the  injection  of 
a  weaker  solution,  as  I  shall  have  occasion  to  point  out     The  intes- 
tinal fluid  he  obtained  must,  accordingly,  have  been  largely  mixed  with 
an  inflammatory  exudation ;  and  it  is  impossible  to  ascertain  to  what 
extent  the  increase  of  the  intestinal  fluid  which  he  observed  to  follow 
the  injection  of  the  salt,  was  due  to  the  presence  of  this  exudation. 

To  complete  the  literature  of  this  subject,  I  have  yet  to  mention 
that  Professor  H.  C  Wood  ^  of  Philadelphia  has  made  the  statement 
that  section  of  the  vagi  prevents  the  action  of  the  purgative,  and 
ascribes  this  effect  to  some  vaso-motor  disturbance,  believing  that  the 
vagi  may  antagonise  the  splanchnics,  whose  division  is  generally 
considered  to  be  followed  by  dilatation  of  the  blood-vessels  of  the 
intestine. 

JEn  remin^y  it  will  be  gathered  from  this  sketch  of  the  many 
attempts  to  solve  the  nature  of  saline  purgation,  that  pharma- 
cologists are  very  far  from  being  agreed  as  to  the  nature  of  that 
action.  There  are  some  who  maintain  that  the  salt  excites 
a  flow  of  fluid  into  the  alimentary  canal,  others  who  as  confi- 
dently assert  that  it  merely  excites  peristalsis. 

Of  the  former,  Liebig  and  Poisseuille,  without  venturing  to 
speculate  as  to  the  exact  nature  of  the  fluid,  believe  that  it  is 
extracted  from  the  blood  through  the  capillaries  of  the  intestine 
in  virtue  of  the  endosmotic  power  of  the  salt  Colin,  Moreau, 
Lauder  Brunton,  Bottger,  Brieger,  and  Butherford  conclude  that 

*  Rutherford,  Action  of  Drugs  on  the  Secretion  of  the  Bile,  1880. 
^  Wood,  Aina'ican  Journ.  of  Med.  Sciences^  1870,  p.  895. 
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the  fluid  is  probably  intestinal  juice,  secreted  under  the  local 
stimulus  of  the  salt.  Vulpian,  on  the  other  hand,  regards  it  as 
an  inflammatory  exudation ;  while  Schmidt  calls  it  a  transuda- 
tion produced  in  the  same  manner  as  the  choleraic  discharge. 
Headland  thinks  that  the  salt,  after  being  absorbed  by  the 
blood,  stimulates  Lieberktihn's  glands  in  the  process  of  its 
excretion.  If  this  be  so,  why  does  the  salt  not  purge  when 
injected  into  the  blood,  as  Buchheim,  Donders,  Babuteau,  and 
others  have  shown  ? 

Of  the  latter,  Thiry  and  Badziejewski  are  of  opinion  that  the 
salt  produces  its  effect  by  mere  excitation  of  peristalsis ;  whilst 
Aubert,  and  Suchheim,  and  Wagner  consider  that  the  increased 
peristalsis  is  aided  by  the  slow  diffusibility  or  absorbability  of 
the  salt,  and  by  the  salt  combining  with  the  water  of  the  alimen- 
tary canal  to  hinder  its  absorption.  But  Legros  and  Onimus, 
and  Houckgeest  could  not  perceive  that  the  movements  of  the 
intestine  were  to  the  smallest  extent  stimulated  by  the  presence 
of  the  salt. 

Finally,  the  remarkable  results  obtained  by  Luton  and  Car- 
ville  require  to  be  reconciled  with  the  experiments  of  the  other 
investigators. 

With  the  prevalence  of  so  many  theories  and  so  much  uncer- 
tainty as  to  the  action  of  so  commonly  employed  pharmacological 
substances  as  saline  cathartics,  there  ia  ample  justification  for 
another  effort  being  made  to  offer  a  more  comprehensive  and 
satisfactory  explanation  of  their  action.  There  is  the  further 
inducement  to  their  study,  that  their  action  presents  the  key  to 
the  action  of  nearly  all  other  purgatives,  and  to  many  common 
physiological  and  pathological  phenomena.  ''  If  the  action  of 
sulphate  of  soda  were  known,"  wrote  Buchheim  at  the  conclusion 
of  his  paper  in  1854,  "  it  would  help  us  to  ascertain  with  greater 
precision  the  influence  of  other  remedies  on  the  body,  for 
example,  as  a  proof-stone  for  the  remedies  used  to  cure  diarrhoea."  ^ 
And  after  twenty  years,  by  no  means  unfruitful  in  investigations 
of  this  action,  Yulpian  cannot  more  fitly  introduce  its  discussion 
into  his  lectures  than  with  the  words,  "  Tout  le  monde  parle  de 
Taction  des  purgatifs,  et,  cependant,  s'il  y  a  une  action  encore  peu 
connue,  c*est  bien  celle  de  medicaments."  ^    This,  after  the  able 

^  Buchheim,  op.  cU,  ^  Vulpian,  le^ms  cU. 
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investigations  of  Buchheim,  Thiry,  Moreau,  and  Badziejewski, 
is  certainly  no  compliment  to  pharmacology.  But  the  diffi- 
culties which  surround  such  an  investigation  may  well  be  the 
excuse  for  the  paucity  of  its  results.  The  very  complex,  and  as 
yet  very  imperfectly  understood  nervous  supply  of  the  intestines, 
and  the  disturbance  producedin  experiments  as  those  of  Colin 
and  Moreau  by  the  mere  exposure  of  the  sensitive  abdominal 
viscera,  and,  generally,  the  very  unsatisfactory  condition  of  our 
knowledge  of  the  physiology  of  the  intestines,  have  prevented 
previous  observers  from  employing  good  methods  of  experimen- 
tation, and  from  drawing  unassailable  conclusions  from  their 
experiments.  By  repeating  some  of  these  experiments  under 
new  and  varied  conditions,  I  have  endeavoured  to  estimate  the 
true  value  of  their  methods,  and  by  the  adoption  of  new  methods 
in  which  the  normal  state  of  the  alimentary  canal  has  been 
undisturbed  by  surgical  operation,  I  have  been  enabled  to  obtain 
results,  to  which  little  or  no  objection  can  be  offered.  These  I 
shall  present  in  the  form  of  several  series  of  experiments,  of 
which  the  following  is  the  probable  order,  an  order  which,  if  in 
some  respects  more  arbitrary  than  natural,  approximates  to  that 
in  which  the  experiments  were  made : — 

Series,  A, — The  effect  on  pui-gation  of  the  administration  of 
the  salt  by  the  mouth  in  a  state  of  concentration  and  of  dilution ; 
and  the  elimination  of  the  salt  by  the  kidneys  and  the  alimentary 
canaL 

Series,  S. — ^The  effect  of  the  salt  on  the  intestine  when  in- 
jected  directly  into  the  viscus,  after  the  method  of  Colin  and 
Moreau,  with  analyses  of  the  fluid  as  to  the  salt  it  contained, 
and  as  to  its  digestive  and  other  properties. 

Series,  C, — The  effect  of  saline  purgation  on  the  concentration 
of  the  blood. 

Series,  D. — ^The  effect  of  the  salt  on  the  alimentary  canal, 
and  its  absorption  from  the  canal,  as  ascertained  by  killing  the 
animals  at  stated  intervals  after  the  administration  of  the  salt 
by  the  mouth,  and  measuring  the  fluid  in  the  canal,  and  estimat- 
ing the  quantity  of  the  salt  present. 

Series,  K — Its  purgative  effect  when  injected  into  the  blood. 

Series,  F. — Its  pmgative  effect  when  injected  subcutane- 
ously. 
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Series,  G. — Its  efifect  on  the  circulation. 
Series,  H, — Its  effect  on  the  secretion  of  urine. 


Series  of  Experiments,  A. 

The  effect  on  purgation  of  the  administration  of  the  salt  hy  the 
mouth  in  a  state  of  concentration  and  of  dilation ;  and  the  elimination 
of  the  salt  by  the  kidneys  and  the  alimentary  canaL 

AssimuDg  that  the  method  of  Colin  and  Moreau  ^  is  open  to, 
objection  on  account  of  the  violence  done  to  the  natural  conditions 
of  the  intestines,  and  that  the  results  they  obtained  in  proof  of 
a  salt  exciting  secretion  may  be  fallacious,  and  granting  that 
Legros  and  Onimus,  and  Houckgeest  ^  have  succeeded  in  demon- 
strating that  the  purgative  does  not  stimulate  peristalsis,  it  is 
possible  that  the  salt  may  produce  purgation  by  merely  uniting 
with  the  water  with  which  it  is  administered,  and  the  fluids  with 
which  it  comes  in  contact  in  the  alimentary  canal ;  and  itself 
being  slowly  diffusible,  may  prevent  the  too  rapid  absorption  of 
the  water  with  which  it  is  united.  This  view  was  first  suggested 
by  Buchheim,^  but  coupled  by  him  with  stimulated  peristalsis. 
This  observer  failed,  however,  to  offer  the  slightest  experimental 
proof  of  his  suggestion.  If  a  purgative  salt  does  act  in  this 
manner,  it  is  evident  that,  if  it  could  be  administered  without,  or 
with  very  little,  water  to  an  animal  whose  alimentary  canal  was 
rendered  by  some  means  free  from  fluids,  no  purgation  would 
follow.  For  this  purpose  Buchheim  and  Wagner  abstained 
from  fluids  for  one  day,  and  in  the  course  of  the  same  day  ate 
each  a  fuU  dose  of  the  exsiccated  sulphate  of  soda,  yet  purgation 
followed  as  usual  This  did  not  deter  these  observers  from  still 
clinging  to  the  view  they  had  formed,  believing,  no  doubt,  that 
they  had  not  sufficiently  freed  the  alimentary  canal  from  the 
fluids  which  are  usually  present. 

.  While  working  under  Professor  Schmiedeberg  in  his  laboratory 
at  Strassburg,  I  was  induced  by  him  to  test  Buchheim's  sug- 
gestion by  a  stricter  method,  and  on  the  lower  animals.  And 
for  much  valuable  and  kindly-given  help  in  carrying  out  this  the 
first  series  of  experiments,  I  very  warmly  acknowledge  my  great 
indebtedness  to  that  distinguished  pharmacologist. 

^  Supra,  p.  2i7.  '  Supra,  p.  253.  ^  Buchheim,  op  cit. 
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The  salt  employed  was  mostly  the  sulphate  of  soda,  and  in  a 
few  experiments  the  corresponding  compound  of  magnesia. 
The  experiments  were  conducted  on  rabbits,  cats,  and  dogs. 
In  ascertaining  the  amount  of  the  saline  eliminated  in  the 
urine  and  in  the  faeces,  every  precaution  was  taken  to  ensure 
that  the  whole  of  these  excretions  were  obtained,  and  that  the 
method  of  analysis  was  exact,  and  conducted  with  all  care. 
With  this  object  the  animals  were  kept  in  the  usual  zinc  boxes 
provided  with  an  opening  at  their  most  dependent  part  for  the 
escape  and  collection  of  the  urine.  In  certain  experiments, 
where  great  exactness  was  desired,  the  urine  of  the  dogs  was 
removed  by  catheterisation,  in  order  to  prevent  its  being  con- 
taminated with  faeces,  and  to  obtain,  by  emptying  the  bladder, 
the  whole  of  the  urine  excreted  by  the  kidneys  during  a  stated 
period.  In  estimating  the  quantity  of  sulphuric  acid  in  the 
urine,  the  usual  method  of  precipitation  was  followed. 

A  given  portion  of  well  mixed  urine,  the  remainder  being  retained 
for  a  second,  or  even  third,  analysis,  if  that  were  necessary,  was  treated 
with  excess  of  hydrochloric  acid,  and  filtered,  and  the  filter  washed 
until  the  washings  gave  no  trace  of  a  precipitate  with  barium  chloride. 
A  solution  of  this  salt  was  then  added  in  slight  excess  to  the  filtrate, 
and  the  fluid  containing  the  precipitate  of  sulphate  of  barium  was 
placed  for  some  hours  over  the  water-bath,  in  order  to  consolidate  the 
precipitate,  and  prevent  its  passing  through  the  filter,  as  it  was  other- 
wise apt,  to  some  extent,  to  do.  It  was  now  filtered,  and  the  filter 
contaiiiij]g  the  sulphate  was  repeatedly  washed  with  hot  distilled  water 
until  the  washings  gave  no  opacity  with  sulphuric  acid,  or  with  nitrate 
of  silver  and  nitric  acid.  This  often  occupied  several  homs.  The 
filtrate  was  tested  with  barium  chloride  to  make  certain  that  all  the 
sulphuric  acid  had  been  pricipitated.  The  filter  with  the  barium 
sulphate  was  dried  in  a  steam-bath,  and  burned  in  a  platinum  capsule, 
the  ash  being  rendered  perfectly  white,  if  that  were  necessary,  by  the 
addition  of  a  drop  or  two  of  sulphuric  acid,  and  again  burning. 
Cooled  in  a  dessicator  and  weighed,  the  amount  of  barium  sulphate 
was  obtained  after  deducting  the  weight  of  the  capsule  and  the  aiah  of 
the  filter  paper.  From  tlus  was  readily  calculated  the  amount  of 
sulphuric  acid,  or  of  sulphate  of  soda,  to  which  the  weight  of  the 
barium  sulphate  corresponded.  In  almost  every  case  the  analysis  was 
controlled  by  a  second,  and  if  the  results  of  the  two  materially  differed 
— more  than  by  O'Ol  gramme — a  third  was  made. 

The  analysis  of  the  faeces  was  attended  with  more  trouble.  Two 
methods  were  open — either  to  digest  the  fseces  with  acid  and  water, 
and  filter  and  wash,  and  estimate  the  sulphates  from  the  filtrate,  or  to 
bum  the  faeces  and  estimate  the  sulphates  in  the  ash.     The  former 
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method  is  the  moro  correct  theoretically,  aa  in  the  latter,  by  the 
buming  of  the  faeces,  a  certaiQ  amount  of  the  sulphuric  acid  may  be 
decomposed  in  the  charring,  or  a  slight  excess  obtained  from  the 
oxidation  of  the  sulphur  of  the  albumen.  The  latter  is,  ho^vever, 
much  more  practicable  than  the  former,  as  owing  to  the  large  amount 
of  mucin  present  in  the  fseces,  many  days  will  not  suffice  for  its  perfect 
filtration  and  washing.  All  my  analyses  were  accordingly  made  by 
the  method  of  combustion,  employing  for  this  purpose  a  powerful 
oven.  Previous  to  buming,  the  quantity  of  water  in  the  fasces  was 
ascertained  by  heating  them  to  perfect  dryness  over  the  water-bath, 
and  afterwards  in  the  air-bath  at  a  temperature  of  110°  C. ;  and  in 
order  to  prevent  the  volatilisation  of  acids  a  given  weight  of  exsiccated 
carbonate  of  soda  was  sprinkled  over  the  f  leces  before  being  placed  on 
the  bath.  After  buming,  the  ash  was  dissolved  in  hydrochloric  acid 
and  water,  and  the  sulphuric  acid  of  the  filtrate  estimated  exactly  as  in 
the  case  of  the  urine. 

I  have  described  with  minuteness  these  simple  methods  of 
analysis,  in  order  to  leave  no  room  for  doubt  in  the  minds  of 
others  as  to  the  accuracy  of  my  work,  as  well  as  to  do  justice  to 
the  care  with  which  the  analyses  were  performed. 

In  all  the  succeeding  experiments  where  the  sulphate  of  soda 
is  mentioned  as  being  administered,  the  usual  crystalline  form  of 
the  salt  (NagSO^.lOHgO)  was  that  employed. 

ft 

Sxperiments  on  Rabbits. 

ExperiToeTU  L — To  ascertain  the  dose  of  sulphate  of  soda 
necessary  to  produce  purgation,  when  administered  in  the  form 
of  a  dilute  solution. 

Eabbit,  weighing  1440  grammes.  Injected  into  the  stomach  through 
a  vulcanised  catheter  2  grammes  of  the  salt,  dissolved  in  sufficient 
water  to  form  a  10  per  cent,  solution.  On  following  day,  no  purga- 
tion; injected  3  grammes  (5  per  cent,  solution).  At  noon,  next 
day,  still  no  purgation  ;  injected  other  3  grammes  (5  per  cent,  solu- 
tion). Purgation  followed  in  two  hours  afterwards — copious  brown 
watery  discharge.  The  short  interval  between  the  catharsis  and  the 
administration  of  the  last  dose  of  the  salt  hardly  permits  of  the  latter 
having  taken  any  part  in  the  production  of  the  former. 

Five  grammes,  therefore,  will  probably  purge.  Even  a  smaller 
dose  may  act  if  it  be  still  more  diluted,  as  in 

Experiment  II. — Same  rabbit  as  in  previous  experiment,  after  a 
week's  interval.  Administered  pei'  os  2  grammes  (2J  per  cent,  solu- 
tion), followed  in  an  hour  afterwards  by  another  2  grammes,  of  same 
strength  of  solution.     Free  fluid  purgation  during  the  night 
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Four  grammes,  in  this  case,  well  dilated,  have  produced  active 
catharsis,  as  is  confirmed  by  the  next  experiment  with  another 
rabbit. 

Experiment  IIL — Kabbit,  weighing  1560  grammes.  Administered 
2  grammes  (2^  per  cent  solution),  and  in  an  hour  afterwards  the 
injection  was  repeated.     Large  fluid  evacuation  during  the  night 

After  an  interval  of  more  than  a  week,  this  rabbit  was  used 
to  ascertain  if  the  same  weight  of  sulphate  of  magnesia 
(MgSO^.THgO),  diluted  to  the  same  extent,  would  act  equally 
powerfully. 

Experiment  IV, — ^Administered  2  grammes  of  sulphate,  of  mag- 
nesia (2^  per  cent,  solution),  and  repeated  the  dose  in  an  hour.  Active 
purging  during  the  night. 

An  equal  dose,  therefore,  of  sulphate  of  magnesia  is  as  pur- 
gative, when  well  diluted,  as  the  same  dose  of  sulphate  of  soda. 
It  may  be  well  to  observe  that  there  was  rarely  more  than  one 
fluid  discharge,  and  that  within  twelve  hours  after  purgation 
first  occurred  the  stools  in  each  instance  resumed  their  normal 
firm  consistence.  The  action  of  the  salt  is,  therefore,  not  pro- 
longed. 

Throughout  these  four  experiments  the  rabbits  were  fed  on 
their  usual  diet  of  turnip  and  brown  bread. 

The  effect  of  administering  the  salt  in  a  concentrated  form, 
and  to  a  rabbit  which  had  been  more  or  less  deprived  of  water 
in  its  food,  was  next  studied.  In  Buchheim  and  Wagner's  ex- 
periments, a  single  day's  abstention  from  fluid  food  was  appa- 
rently not  sufficient  to  deprive  the  alimentary  canal  of  its  water.^ 
Accordingly,  in  the  following  experiments,  water  and  turnips 
were  withheld  from  the  rabbits  for  three  or  four  days  previous 
to  the  administration  of  a  concentrated  solution  of  the  salt,  the 
diet  consisting  merely  of  stale  wheaten  bread,  cut  from  the  loaf 
as  required,  without  being  afterwards  dried,  so  that  there  was 
still  a  certain,  although  small,  amount  of  water  in  the  food. 
The  same  diet  was  continued  throughout  the  experiment.  By 
this  means  it  was  hoped  to  obtain  the  alimentary  canal  so  free 
from  fluid  that,  when  the  concentrated  salt  was  administered,  if 
Buchheim's  theory  were  correct,  purgation  would  not  follow. 

'  Supra,  p.  257. 
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Experiment  V, — Same  rabbit  as  in  Experiment  L  Fed  as  described 
for  four  days  previously.  Administered  per  os  5  grammes  of  sulphate 
of  soda  (20  per  cent,  solution).  Next  day  no  purgation;  gave  3 
grammes  (20  per  cent,  solution).  Evacuation  of  a  small  quantity  of 
hard  faeces  in  the  evening.  On  the  following  forenoon  a  similar  small 
firm  stool ;  injected  5  grammes  (20  per  cent,  solution).  No  defacation 
next  day.  One  day  afterwards,  80  c.c.  of  water  were  twice  injected  into 
the  stomach,  and  the  rabbit  placed  on  its  usual  diet.  A  small  amount 
of  purging  occurred  in  the  course  of  the  same  evening  and  of  the  next 
day. 

Experiment  VL — Same  rabbit  as  in  Experiment  IIL  Fed  on  re- 
stricted diet  during  the  three  previous  days.  Administered  7  grammes 
of  sulphate  of  soda  (20  per  cent,  solution)  in  the  forenoon ;  in  the 
afternoon  three  or  four  pellets  of  hard  faeces.  Similar  evacuation  next 
day.     On  the  third  day,  still  no  catharsia 

Experiment  VII, — Rabbit  of  Experiment  V.  after  au  interval  of 
over  a  fortnight  Fed  as  in  that  experiment.  Administered  8  grammes 
of  sulphate  of  magnesia  (20  per  cent,  solution).  Neither  during  that 
day  nor  the  two  foUoMring  was  there  any  evacuation  whatever  of 
faeces. 

These  experiments  show  most  conclusively  that,  while  4 
grammes  of  a  purgative  salt  will,  when  freely  diluted  with 
water  (2^  per  cent,  solution),  produce  their  usual  effect,  a  dose 
twice  as  large,  administered  in  a  concentrated  form  (20  per  cent, 
solution),  and  to  a  rabbit  fed  for  some  days  previously  on  a 
water-restricted  diet,  is  quite  incapable  of  causing  purgation. 

The  alimentary  canal  of  the  rabbit  is  in  proportion  to  the 
size  of  the  animal  much  longer  than  in  the  cat  or  dog,  in  which 
its  relative  length  more  nearly  approaches  that  of  the  alimen- 
tery  canal  of  man.  Is  the  same  result  obtainable  from  the  cat 
and  the  dog  as  from  the  rabbit  ?  The  succeeding  experiments 
answer  the  question  in  the  affirmative. 

Eoi^eriments  on  Cats. 

As  with  the  rabbits,  the  purgative  dose  of  the  salt  in  a  dilute 
solution  and  administered  under  ordinary  conditions  was  first 
ascertained.  The  experiments  for  this  purpose  were  numerous, 
as  I  wished  to  know  with  perfect  certainty  as  a  basis  for 
another  series  of  experiments  what  dose  would,  without  fail, 
cause  purgation,  and  yet  be  not  excessive.  Very  varying  results 
were  obtained  as  to  the  length  of  time  in  which  purgation  took 
place,  although  the  salt  was  given  to  cats  of  similar  weight  and 
under  like  conditions.    This  is  probably  due  more  to  the  degree 
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of  restraint  exercised  by  the  animal  over  defacation  than  to  a 
difference  in  the  behaviour  of  the  purgative,  the  cat  from  habits 
of  training  fearing  to  defacate  when  cooped  up  in  the  laboratory. 
This  also  applies  to  dogs  which  have  been  accustomed  to  live  in 
the  dweUing-house. 

In  the  following  experiments  with  cats,  as  well  as  in  those 
with  dogs,  no  food  was  given  for  eighteen  to  twenty-four  hours 
previously,  nor  for  a  few  hours  after  the  administration  of  the 
salt,  in  order  to  ensure  that  the  presence  of  food  in  the  alimen- 
tary tract,  or  the  process  of  active  digestion,  would  not  interfere 
with  the  action  of  the  salt  Further,  they  were  for  at  least  a 
week  before  the  experiment,  fed  on  a  regular  diet,  the  cats  on 
raw  or  boiled  flesh,  and  the  dogs  on  bread,  and  kept  under 
observation,  to  render  the  conditions  of  the  various  experiments 
as  equal  as  possible,  and  to  make  certain  that  the  stools  were 
of  nonnal  consistence.  Water  was,  of  course,  supplied  daily 
to  the  animals,  unless  where  the  conditions  of  the  experiment 
required  its  being  withheld. 

Experiment  VIIL — Grey  cat,  male,  weighing  3'1  kilogrs.  Remem- 
bering that  4  grammes,  well  diluted,  of  sulphate  of  soda  were  required 
to  purge  a  rabbit  less  than  half  the  weight  of  this  cat,  I  injected  into 
its  stomach,  through  a  catheter,  10  grammes  of  the  salt  (5  per  cent 
solution).  After  seven  hours  there  was  a  copious  fluid  discharge,  and 
purgation  continued  for  three  days. 

A  dose  of  10  grammes  is  apparently  too  large. 

Experiment  IX. — White  cat,  female,  weighing  2*63  kilogrs.  Ad- 
ministered 3  grammes  of  the  salt  (5  per  cent,  solution).  After  ten  to 
twelve  hours  a  fairly  abundant  liquid  evacuation. 

Experiment  X. — Same  cat  as  in  last  experiment,  after  an  interval 
of  several  days.  Administeied  3  grammes  of  the  salt  (10  per  cent 
solution).  Partly  watery,  but  mostly  semi-fluid  discharge  in  ten  to 
twelve  hours. 

Experimeni  XL — Black  cat^  male,  of  average  size,  not  weighed. 
Gave  3  grammes  of  salt  (10  per  cent  solution).  No  purgation 
followed. 

Three  grammes  are,  therefore,  insufficient  to  produce  free  pur- 
gation, although  in  two  out  of  the  three  experiments  some 
degree  of  action  followed.  I,  accordingly,  judged  that  5 
grammes  would,  in  all  cases,  result  in  decided  catharsis,  a 
supposition  confirmed  by  the  next  experiments. 
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Experiment  XIL — Grey  cat,  female,  weighing  274  kilogrs.  Ad- 
ministered 5  grammes  of  sulphate  of  soda  (5  per  cent  solution). 
Fluid  evacuation,  tolerably  profuse,  in  about  five  hours. 

Experiment  XIIL — Black  cat,  male,  weighing  3 '45  kilogrs.  Ad- 
ministered 5  grammes  of  salt  (10  per  cent  solution).  Purgation  after 
twelve  hours. 

Experiment  XIV, — Tortoise-shell  cat,  male,  weighing  3*00  kilogrs. 
Same  dose  as  in  previous  experiment,  but  20  per  cent,  solution.  Pur- 
gative effect  followed  in  fifteen  or  sixteen  hours. 

Many  other  experiments  were  made  with  the  same  dose  of 
5  grammes  of  snlphate  of  soda ;  and  if  the  cat  were  fed  on  its 
usual  diet,  however  concentrated  might  be  the  solution  of  the 
salt,  pnrgation  invariably  resulted.  But  it  was  observed,  as  the 
three  last  experiments  show,  tiiat,  as  a  rule,  the  more  dilute  the 
solution,  the  more  quickly  was  the  action  produced.  Further, 
it  was  found  that  the  dose  varied  extremely  little  with  the  size 
or  weight  of  the  animal,  as  large  a  dose  being  required  to  purge 
a  cat  of  2  kilogrs.  as  one  of  4  Idlogrs.  This  1  have  observed 
most  strikingly  in  dogs,  where  the  difference  in  size  is  much 
more  widely  variable ;  a  small  terrier  requiring  nearly  as  much 
as  a  large  mastiff  perhaps  four  or  five  times  the  weight  of  the 
smaller  dog. 

As  to  the  effect  of  restriction  of  the  water  supply  in  the  diet 
for  two  or  three  days  previously,  combined  with  the  adminis- 
tration of  a  concentrated  solution  of  the  salt,  the  succeeding 
experiments  prove  that  it  is  much  the  same  with  cats  as  with 
rabbita 

Experiment  XV. — Black  cat,  same  as  in  Experiment  XIII.  Fed 
for  the  last  three  days  on  bread  only,  very  little  of  which  it  ate. 
Administered  5  grammes  of  sulphate  of  soda  (20  per  cent,  solution). 
F»ce6,  next  day,  somewhat  softer  than  usual,  but  still  retaining  their 
ordinary  cylindrical  form,  and  by  no  means  fluid  or  even  semi-fluid. 
Never  any  purgation. 

Experiment  XVL — Grey  cat,  same  as  in  Experiment  XII.  Fed 
only  on  bread  for  four  days  previously.  Grave  5  grammes  of  the  salt 
(20  per  cent,  solution).  No  evacuation  during  the  next  forty-eight 
hours ;  perfectly  firm  when  it  did  appear. 

Experiment  XVIL — ^Tortoise-shell  cat,  same  as  in  Experiment  XIV. 
Water  excluded  from  diet  for  three  days  previously.  Salt  adminis- 
tered in  equal  dose  and  concentration  to  that  in  last  two  experiments, 
and  with  an  exactly  similar  result. 
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Experiments  on  Dogs. 

I  finally  repeated  these  experiments  on  dogs  in  order  to  obtain 
all  the  confirmation  possible  of  the  influence  exercised  by  the 
presence  of  water  in  the  digestive  tract  on  the  action  of  a  saline 
cathartic.  These  animals  were  particularly  suitable,  as  they 
enabled  me  at  the  same  time  to  make  some  precise  analyses  of 
the  quantity  of  the  salt  recoverable  in  the  urine  and  the  faeces. 
Some  analyses  I  had  made  of  the  urine  of  the  rabbits,  but  as 
these  were  not  quite  so  accurate  owing  to  the  difficulty  of 
emptying  the  bladder  at  the  end  of  every  twenty-four  hours 
or  other  stated  period,  and,  as  in  the  main,  their  results  agree 
with  those  obtained  from  dogs,  I  have  not  thought  it  worth 
while  to  give  them.  The  same  objections  were  open  to  analyses 
of  the  cats'  urine,  as  their  urethra  is  too  narrow  to  admit  of  the 
easy  introduction  of  a  catheter.  On  the  other  hand,  a  suitable 
catheter  could  with  the  greatest  facility  be  introduced  through 
the  wider  urethra  of  the  dog,  especially  of  the  male,  the  female 
not  being  so  convenient  for  this  purpose. 

The  first  experiments  were  made  with  the  object  of  ascertain- 
ing what  dose  of  the  salt  was  able,  under  ordinary  conditions  of 
dilution  and  of  supply  of  water  in  the  diet,  to  produce  catharsis ; 
also,  how  much  of  the  salt  was  eliminated  in  the  urine,  and 
how  much  in  the  faeces.  Two  dogs  only  were  used,  and  both  of 
them  males.  Neither  of  them,  unfortunately,  was  weighed; 
the  one  was  rather  larger  than  a  sheep  dog,  and  the  other  was 
a  large-sized  terrier.  Both  tended  to  be  a  little  constipated, 
probably  from  long  confinement  in  the  laboratory  previous  to 
their  being  employed  for  my  experiments.  Their  usual  diet 
was  raw  flesh  and  bread,  and  water  ad  libitum;  but  for  some 
days  previous  to  an  experiment  they  were  fed  on  bread  and 
water  only,  in  order  to  obtain  faeces  comparable  in  composition 
with  those  evacuated  whilst  they  were  confined  to  bread  solely 
as  was  necessitated  in  the  experiments  requiring  absence  of 
water  from  the  food,  flesh  being  then  inadmissible  on  account 
of  its  containing  too  high  a  percentage  of  water.  As  previously 
mentioned,  no  food  was  given  on  the  morning  of  the  experi- 
ment ;  they  were,  fed,  however,  in  the  course  of  the  day. 

Before  commencing  the  administration  of  the  salt,  I  esti- 
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mated  in  each  of  the  dogs  the  nonnal  daily  quantijty  of  sul'* 
phates  in  the  nrine  and  in  the  fsBces. 

Experiment  XVIIL — ^The  small  dog.  Fed  for  the  pT^yioos  week, 
and  duiing  the  experiment,  on  hiead  and  water.  At  6«30  f.m.| 
emptied  the  bladder  by  means  of  the  catheter,  and  placed  the  dog 
in  a  zinc  cage,  so  constructed  that  the  urine  evacuated  was  collected 
in  a  receiver  beneath  Next  day,  at  6.20  p.m.,  again  catheterised, 
and  the  urine  obtained  added  to  that  in  the  receiver.  The  whole 
measured  527  cc,  and  yielded  by  the  careful  method  of  analysis  already 
described  0*281  gramme  of  sulphuric  acid  (HgSO^),  corresponding  to 
1*0255  grammes  of  crystalline  sulphate  of  soda  (KagSO^-lOHoO). 

On  the  third  day,  catheterised  at  the  same  hour  as  before,  the  whole 
urine  measured  509  cc,  and  yielded  0*276  gramme  of  H2SO4,  equiva- 
lent to  0-906  gramme  of  Na^SO^.lOHgO. 

As  the  fsBces  were  evacuated  somewhat  irregularly,  they  were  ool** 
lected  for  four  complete  days,  commencing  four  days  after  the  begin- 
ning of  the  bread  and  water  diet.  The  whole  weighed  139*40 
grammes.  After  drying  over  water-bath,  and  in  air-bath  at  110*^  C, 
the  weight  was  reduced  to  52*165  grammes,  corresponding  to  62*68 
per  cent,  of  water.  After  complete  combustion  in  a  furnace,  the  ash 
amounted  to  4*42  grammes,  and  contained  .0*3081  gramme  of  H2SO4, 
equal  to  1*0124  grammes  of  NagSO^.lOHjO. 

The  daily  average,  therefore,  of  the  sulphuric  acid  in  the 
faeces  of  the  small  dog,  reckoned  in  the  form  of  the  sulphate  of 

soda,  was  0*2531   gramme,  and  in  the  urine    ^      — * 

Or  0*9657  gramme. 

Experiment  XIX, — The  large  dog.  Same  arrangement  of  dietary 
as  in  fcxregoing  experiment.  Emptied  bladder  at  5.10  f.m.  At  same 
hour  on  following  day,  bladder  again  emptied,  and  urine  mixed  with 
that  in  the  receiver;  the  whole. measured  415  cc,  and  yielded  0*5481 
gramme  of  HgSO.,  equivalent  to  1*801  grammes  of  Ka2SO4.10H2O. 

The  fsBces  which  were  evacuated  more  regularly  than  by  the  small 
dog  were  collected  for  three  days ;  and  as  I  wished  to  know  with 
accuracy  the  percentage  of  water  in  the  freshly-passed  stool,  each 
evacuation  was  weighed  as  obtained,  in  order  to  avoid  error  from 
loss  by  evaporation  while  standing  exposed  to  the  air.  The  whole 
faeces"  for  the  three  days  were  of  the  usual  firm  consistence,  and 
weighed  182*67  grammes,  and  after  drying,  69*78  grammes,  and 
therefore  contained  60*7  per  cent,  of  water.  The  ash  amounted  to 
5*76  grammes,  and  yielded  0-3194  gramme  of  H^SO^^,  equivalent  to 
1*0497  grammes  of  mgSO^jlOHgO. 

The  daily  average  of  sulphuric  ftcid,  estimated  as  crystalline 
sulphate  of  soda,  was,  accordingly,  in  the  faeces  of  the  large  dog, 
0*3499  grammes,  and  in  the  urine,  I'SOl  grammes. 
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These  preliminary  estimations  having  been  made,  I  proceeded 
to  ascertain  the  purgative  dose  of  the  sulphate  of  soda  for  each 
of  the  dogs  under  ordinary  conditions,  and  to  estimate  the  quan- 
tity of  the  salt  recoverable  from  the  urine  and  the  faeces. 

Es^periment  XX, — Small  dog.  Injected  per  os  into  its  stomach  10 
grammes  of  sulphate  of  soda  (5  per  cent,  solution).  This  dose  exercised 
no  purgative  effect ;  the  faeces  evacuated  during  the  three  subsequent 
days  were  of  ordinary  consistence. 

Ten  granunes  of  the  salt  were  insufficient  to  produce  purgation 
in  the  small  dog. 

Estperimeni  XXI, — Same  dog.  Administered  15  grammes  (5  per 
cent,  solution).  In  fourteen  and  a  half  hours  there  was  a  copious 
discharge  of  a  dark-brown,  watery,  gruel-like  fluid.  Ko  purgation, 
and  even  no  fieces,  during  the  next  two  days. 

Fifteen  grammes  were  apparently  a  good  purgative  dose ;  and 
this  was  confirmed  by  the  next  experiment,  where  the  salt  was 
given  in  a  more  concentrated  form. 

Experiment  XXII, — Same  dog.  Administered  15  grammes  (20 
per  cent,  solution).  Purgation  in  eighteen  and  a  half  hours,  but  stool 
much  less  watery  and  less  abundant  than  in  Experiment  XXI.  As, 
in  that  experiment,  no  fasces  were  passed  during  the  next  two  day& 

The  effect  of  the  concentration  of  the  salt  in  lengthening  the 
time  in  which  purgation  took  place,  and  in  lessening  the  degree 
of  purgation,  was  as  remarkable  in  the  dog  as  in  the  cat  and 
rabbit. 

That  fifteen  grammes  sufficiently  diluted  were  capable  at  all 
times  of  causing  a  profuse  fluid  discharge  from  this  dog  was 
proved  by  several  other  experiments,  one  of  which  I  have 
selected,  accompanied  by  analyses  of  the  urine  and  fseces. 

Experimejii  XXIIL — Small  dog.  Fed,  during  the  experiment,  on 
bread  and  water,  and  for  three  days  previously.  9.15  a.m. — Bladder 
emptied,  and  15  grammes  of  the  sulphate  of  soda  (4  per  cent,  solution) 
injected  per  os  into  stomacL  The  urine  was  removed  by  the  catheter 
from  the  bladder  every  three  hours,  in  order  to  prevent  its  mingling 
with  the  fluid  fsBces  which  might  at  any  time  be  discharged.  Parga- 
tion  at  9  p.m.,  abundant  and  fluid.  Next  morning,  at  9.15,  the 
bladder  was  catheterised.  No  urine  was  passed  during  the  night,  and 
purgation  had  not  again  occurred.  The  whole  mine  of  the  twenty- 
four  hours  amounted  to  765  cc,  and  contained  sulphuric  acid  equi- 
valent to  5 '9945  grammes  of  NagSO^.lOHjO,  which,  after  the  deduc- 
tion of  the  sulphuric  acid  normally  present,  shows  an  excess  of  5*028 
grammes  of  the  sulphate. 
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The  piugative  stool  passed  the  first  evening  weighed  366*8  grammes, 
and  lost  by  drying  334*6  grammes,  and,  therefore,. contained  91*05  per 
cent,  of  water.  By  complete  combostion  the  weight  was  reduced  to 
5*20  grammes.  This  yielded  sulphuric  acid  corresponding  to  8*485 
grammes  of  NagSO^.lOHgO,  or  an  excess  of  8*2319  grammes. 

Next  day,  at  9.15  a.m.,  the  urine  was  again  withdrawn  from  the 
bladder,  and  added  to  what  had  been  passed  in  the  usual  way  during 
the  previous  twenty-four  hours.  It  measured  1090  cc.,  and  contained 
sulphuric  acid  equivalent  to  1*4758  grammes  of  Na2S04.18H20,  or  an 
excess  of  0*5101  gramme. 

The  urine  of  the  third  twenty-four  hours  was  obtained  in  the  same 
manner,  and  amounted  to  612  cc.  It  yielded  0*9131  gramme  of  the 
sulphate,  and,  therefore,  no  excesa  The  whole  of  the  salt  had  now 
been  eliminated. 

Since  the  purgative  evacuation,  no  discharge  of  faeces  occurred  until 
between  sixty  and  seventy  hours  after  the  administration  of  the  salt. 
The  discharge  was  soft  but  solid,  and  weighed  66*175  grammes,  and 
after  drying,  18*9  grammes,  thus  containing  71*43  per  cent,  of  water. 
The  ash  weighed  1*410  grammes,  and  yielded  sulphuric  acid  equal  to 
1*046  grammes  of  sodic  sulphate,  or  an  excess  of  0*7929,  if  we  regard 
this  smaU  quantity  of  fsBces  as  not  equivalent  to  more  than  a  single 
day's  evacuation,  although  it  was  actually  all  that  was  obtained  for 
two  days.  If  we  consider  it  as  representing  the  fseces  of  two  days, 
then  the  total  excess  during  that  time  is  reduced  to  0*5398  gramme. 

A  further  evacuation  of  solid  faeces  occurred  eighty-three  hours 
after  the  administration  of  the  purga  It  weighed  28*25  grammes, 
and  was  reduced  by  drying  to  10*875  grammes,  showing  that  61*51  per 
cent  of  water  was  present     The  sulphuric  acid  was  not  estimated. 

Experiments  of  the  same  nature  were  made  on  the  large  dog, 
and  with  much  the  same  results. 

Experiment  XXIV, — Large  dog.  Fed  on  bread  and  water  for  some 
days  before,  and  during,  the  experiment.  Administered,  at  5.15  p.m., 
16  grammes  of  sulphate  of  soda  (about  *l\  per  cent  solution).  At  11 
AM.,  on  the  following  day,  there  was  an  evacuation  mainly  of  firm 
fjeces,  but  mixed  with  a  small  quantity  of  watery  fluid.  The  whole 
weighed  77  grammes,  and  after  drying,  30*240  grammes,  and  contained, 
therefore,  60*74  per  cent  of  water.  The  ash  weighed  3*59  grammes,  and 
yielded  of  H2SO4,  calculated  as  Na2SO4.10H2O,  1*202  grammes,  or 
the  small  excess  of  0*852  grammes.  As  part  of  the  urine  was  lost  it 
was  not  examined 

A  dose  of  16  grammes  was  evidently  too  small  for  so  large  a 

dog,  and,  accordingly,  18  granmies  were  administered  in  the  next 

experiment. 

Experiment  XXV. — Same  dog.  Fed  as  in  preceding  experiment 
At  12  noon,  emptied  the  bladder,  and  injected  into  the  stomach  18 
grammes  of  the  salt  (6  per  cent  solution).  The  dog  licked  up  a  large 
quantity  of  water  shortly  afterwarda 
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In  tiie  course  of  next  forenoon  there  was  evacuated  a  large  quantity 
of  brown  perfectly  fluid  fsBcea  At  noon  the  bladder  was  catheterised. 
The  whole  twenty>four  hours'  urine  measured  925  cc,  and  contained 
HjSO^  equivalent  to  9*050  grammes  of  Na^SO^.lOH^O,  or  an  excess  of 
7*249  grammes.  The  faeces  weighed  143*36  grammes,  and  after  dry- 
ing, 23*954  grammes,  and  thus  contained  83*30  per  cent  of  water.  Of 
ash  there  were  5*744  grammes,  which  yielded  HgSO^  corresponding  to 
6*818  grammes  of  Na2SO4.10H2O,  or  an  excess  of  6*468  grammes. 

On  the  following  day,  at  12.10  p.il,  the  bladder  was  catheterised 
and  the  urine  collected  as  previously.  It  measured  657  cc,  and  gave 
HgSO^  equal  to  3*413  grammes  of  Na^O^.lOHgO,  or  an  excess  of 
1*612  grammes. 

On  the  same  day,  at  12.20  p.m.,  the  dog  evacuated  107*5  grammes 
of  nearly  solid  faeces,  which,  when  dried,  weighed  26*01  grammes^ 
equal  to  75*81  per  cent,  of  water.  The  ash  weighed  2*90  grammes,  and 
contained  H2SO4  equivalent  to  1*885  grammes  of  Na^SO^.lOHgO,  or  an 
excess  of  1  *535  grammes. 

Next  day,  at  12.15  f.m,  the  urine  was  collected  in  the  usual 
manner.  It  measured  1060  cc.,  and  contained  of  H2SO4,  estimated 
as  NagSO^.lOHgO,  1*7235  grammes,  or  no  excess;  on  the  contrary,  the 
sulphuric  acid  was  slightly  under  the  ascertained  normal  quantity. 

The  faeces,  evacuated  in  the  course  of  the  forenoon  of  this  day,  were, 
although  softer  than  usual,  not  so  much  so  as  to  be  pulpy.  Their 
weight  was  123*7  granunes,  and,  when  dried,  24*17  grammes;  con^ 
sequently,  80*4  per  cent  of  water  was  present  Weight  after  com- 
bustion was  1*95  grammes ;  and  the  ash  yielded  H2SO4  equivalent  to 
0-4968  grammes  of  Na2SO4.10H2O,  or  the  trifling  excess  X)f  0*0469 
granunes. 

Eighteen  grammes  of  sulphate  of  soda  proved,  therefore, 
amply  sufl&cient  to  purge  the  large  dog.  Of  course,  in  all  these 
experiments,  a  sufficient  interval  of  time,  never  less  than  one 
week,  was  allowed  between  them,  so  that  the  effects  of  the  one 
experiment  might  not  interfere  with  the  condition  of  the  animal 
in  the  succeeding  experiment. 

The  next  experiments  are  designed  to  show,  what  I  have 
already  ascertained  for  rabbits  and  cats,  that,  if  dogs  be  fed  on  a 
diet  tolerably  free  from  water  during,  and  for  a  day  or  two 
before,  the  administration  of  the  purgative  salt,  and  if,  at  the 
same  time,  the  salt  be  given  in  a  concentrated  state,  pui^gation 
will  not  ensue. 

Experiment  XXV L — Small  dog.  Fed  on  bread  alone  for  the 
two  previous  days  and  throughout  the  experiment;  no  water.  At 
5*40  P.M.,  administered  15  grammes  of  dry  crystalline  sulphate  of 
soda,  made  into  large  pills  or  boluses  with  a  little  bread  and  a  very  few 
drops  of  a  solution  of  gum-arabic.     The  dog's  mouth  was  opened  and 
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the  bolus  tkniBt  well  back  into  the  pharynx,  when  it  was  easily 
swallowed. 

As  this  was  one  of  my  earliest  e^cperiments  I  had  not  yet  com- 
menced to  withdraw  the  mine  from  the  bladder :  and  as  micturition 
did  not  *occur  during  the  whole  of  the  first  night  and  the  following 
day,  there  was  no  urine  to  examine.  During  the  same  time  there  were 
also  no  faeces. 

On  the  forenoon  of  the  second  day  after  the  administration  of  the 
salt,  the  urine  found  in  the  collecting  vessel  beneath  the  zinc  cage 
measured  239  cc,  and  contained  a  quantity  of  HgSO^  equivalent  to 
13*640  grammes  of  NagSO^.lOHgO,  or  the  large  excees  over  the  two 
days  of  1 1  '708  grammes. 

During  the  same  forenoon,  43*58  grammes  of  solid  dry  faeces  were 
passed,  which,  after  dessication,  weighed  23*06  grammes,  equal  to 
47*09  per  cent,  of  water.  The  ash  weighed  4*645  grammes,  and 
yielded  HgSO^  equivalent  to  0  3540  grammes  of  NagSO^.lOHgO,  or  the 
small  excess  of  0*1009  grammes. 

On  the  forenoon  of  the  third  day,  the  urine  was  again  collected, 
and  measured  80  c.a  It  contained  HgSO^  corresponding  to  1*480 
grammes  of  NagSO^.lOHgO,  or  an  excess  of  0*5143  grammes. 

The  faeces  passed  during  the  same  forenoon  weighed  81*2  grammes  ; 
although  consisting;  almost  wholly  of  ordinary  iinn  material,  a  small 
portion  was  somewhat  softened,  but  not  semi-fluid.  The  residue  after 
drying  amounted  to  22*78  grammes,  and  thus  contained  71*95  per 
cent  of  water.  The  ash  weighed  3*941  grammes,  and  contained  1*792 
grammes  of  HgSO^,  reckoned  as  NagSO^.lOHgO,  or  an  excess  of  1*539 
grammes. 

Water  was  now  freely  added  to  the  dog's  diet  Next  day,  the 
urine  measured  480  c&,  and  contained  HgBO^  corresponding  to  3*158 
grammes  of  Na2SO4.10H2O,  or  an  excess  of  2*192  grammes.  There 
was  a  moderate  quantity  of  faeces  of  ordinary  consistence,  which  was 
not  analysed. 

Experimmt  XXVIL — Laige  dog.  Diet  of  bread  during  and 
for  one  day  previous  to  the  experiment  \  no  water.  At  5  .  p.m., 
emptied  the  bladder,  and  administered  18  grammes  of  crystalline 
sulphate  of  soda  in  the  form  of  boluses  as  in  foregoing  experiment. 

Next  day,  at  6  p.m.,  no  faeces  ]  bladder  emptied.  Whole  urine 
measured  375  cc.,  and  contained  15*9125  grammes  of  Na^O^.lOH^O, 
estimated  from  the  H^SO^,  or  an  excess  of  14*111  grammes. 

On  the  following  day,  at  noon,  there  was  an  evacuation  of  faeces  of 
ordinary  firm  consistence,  which  weighed  44*6  grammes,  and,  after 
dessication,  20*75  grammes,  equivalent  to  53*48  per  cent  of  water. 
The  ash  weighed  4*236  grammes,  and  yielded  H2SO4  corresponding  to 
0*3033  grammes  of  Na2SO4.10H2O,  or  no  excess  of  the  salt 

At  5  P.M.,  on  the  same  day,  the  bladder  was  as  usual  emptied.  The 
urine  measured  altogether  148  cc.,  and,  estimated  from  the  HgSO^ 
present,  contained  1*5037  grammes  of  Na2SO4.10H2O,  or  no  excess. 

During  the  next,  or  third,  day  after  the  administration  of  the  purge 
there  was  no  faecal  discharge. 
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JEaeperiment  XXVIIL — Large  dog.  Simply  a  repetition  of  the 
preceding  experiment,  the  dose  of  the  salt  and  the  conditions  of  the 
diet  heing  exactly  the  same.  The  urine  during  the  first  twenty-four 
hours  amounted  to  282  c.c. ;  and  no  faeces  were  evacuated  until 
twenty-seven  hours  after  the  administration  of  the  salt.  The  fseces 
were  of  the  usual  firm  consistence/ 


These  experiments  with  dogs  confirm  those  made  with  rabbits 
and  cats,  and  lead  to  the  important  result,  the  demonstration  of 
which  has  been  the  principal  object  of  this  series  of  experiments, 
that  a  purgative  salt,  as  sulphate  of  soda,  will  not  produce  cathareis 
if  it  be  given  in  a  state  of  concentration,  and  if  means  be  taken 
to  ensure  for  even  a  single  day  previous  to  the  administration  of 
the  salt  that  little  or  no  water  is  taken  with  the  food.  These 
precautions  are  intended,  as  previously  explained,  to  free  the 
alimentary  canal  as  far  as  possible  from  fluids. 

This  result  seems  to  warrant  the  deduction,  that  a  saline 
cathartic  acts,  neither  by  exciting  peristalsis,  nor  by  increasing 
the  intestinal  secretions,  but  merely  by  uniting  with  the  water  in 
which  it  is  dissolved,  and  with  the  fluids  which  it  meets  in  the 
alinaentary  canal,  preventing  the  absorption  and  preserving  the 
fluidity  of  the  intestinal  contents,  until  the  ordinary  peristaltic 
movements  have  carried  them  to  the  rectum.  Whether  this 
theory  be  correct,  and  with  what  reservations  these  experiments 
must  be  accepted  in  its  support,  I  shall  fully  discuss  in  the 
course  of  the  numerous  series  of  experiments  which  have  yet  to 
follow.  Meanwhile,  it  may  be  affirmed  that,  by  an  extension 
and  more  strict  application  of  the  method  of  Buchheim,  I  have 
succeeded  where  he  failed  in  establishing  proof  of  the  theory  he 
advanced  Two  qualities  are  assumed  for  purgative  salts ;  one 
of  these,  they  have  already  been  shown  to  possess  by  Graham 
and  others,  viz.,  a  low  diffusive  power ;  the  other  quality,  a  strong 
affinity  for  water,  is,  although  generally  admitted,  extremely 
doubtful,  as  I  shall  afterwards  take  occasion  to  point  out. 

Another  result  of  these  experiments,  and  one  of  some  thera- 
peutical value,  is,  that  the  rapidity  of  action  of  the  salt,  and  the 
extent  of  its  action,  bear  a  certain  proportion  to  the  degree  of  its 
dilution.  This  is  borne  out  by  the  experiments  in  all  of  the 
three  kinds  of  animals  used,  and  is  perfectly  consonant  with  the 
theory  presently  under  discussion.     The  fact   is    not  novel. 


V. 


THE  ACTION   OP  SALINE  OATHABTICS.  271 

although  in  praotice  often  forgotten,  and  was  perfectly  well 
known  even  to  Hippocrates,  and  apparently  applies  to  vegetable 
as  well  as  to  saline  cathartics.  We  find  it  expressed  in  an 
aphorism  of  this  venerable  physician — "  Corpora  ubi  quis  pur* 
gare  voluerit,  facile  fluentia  reddere  oportet."  ^ 

I  shall  now  pass  to  a  consideration  of  the  objections  which 
can  be  urged  against  the  method  I  have  employed  in  this  series 
of  experiments.  It  might  be  said,  and  with  much  fairness,  that, 
by  a  restriction  of  water  in  the  diet  of  my  animals,  I  not  only 
freed  the  alimentary  canal  from  its  fluids,  but  also  largely 
diminished  the  quantity  of  water  in  the  blood ;  so  that  a  concen- 
tration of  the  blood  was  produced,  which  did  not  permit  of  the 
usual  intestinal  secretions  being  poured  out  when  the  glands 
were  stimulated  by  the  presence  of  the  salt.  If  this  be  true,  it 
will  follow,  that,  if  we  feed  an  animal  on  a  water-restricted  diet 
for  some  time  in  order  to  diminish  the  fluids  within  the  alimen- 
tary canal  as  far  as  possible,  and,  at  the  time  of  administration  of 
the  salt,  inject  into  the  blood  a  lai^e  quantity  of  water,  the 
condition  of  concentration  being  thus  overcome,  purgation  should 
occur.  I  made  such  an  experiment  with  a  rabbit,  and  foimd  that 
purgation  did  not  ensue,  as  the  following  protocol  evidences : — 

Experiment  XXIX, — Eabbit,  weighing  1605  grammes,  which  was 
freely  purged  some  days  before  with  4  grammes  of  sulphate  of  soda 
dissolved  in  a  large  quantity  of  water.  No  water  was  given  for  two 
days  previous  to  this  experiment,  and  the  diet  consisted  of  bread  alone. 
At  4.10  P.M.  administered  per  os  the  excessive  dose  of  8  grammes  of 
crystalline  sulphate  of  soda  (20  per  cent  solution).  4.25  p.m.,  com- 
menced injecting  into  the  right  jugular  vein  a  warm  (35*'-40°  C.) 
f  per  cent  solution  of  chloride  of  sodium.  The  solution  was  allowed 
to  run  slowly  and  continuously  into  the  vein  from  a  burette  connected 
with  it,  and  provided  at  its  lower  end  with  a  stopcock  for  the  regulation 
of  the  flow.  The  injection  was  completed  at  7.40  f.m.,  when  200  c»c. 
of  the  solution  had  been  introduced.  I  feared  that,  if  I  had  injected 
the  fluid  more  quickly,  it  might  have  been  rapidly  eliminated  by  the 
kidneys,  without  the  salt  in  the  digestive  tube  having  had  time  to 
attract  suflicient  of  it  to  cause  purgation.  The  rabbit  micturated  twice 
during  the  operation,  and  again  immediately  after  being  returned  to  its 
hoxi  All  the  urine  passed  during  the  operation  was  carefully  collected 
with  a  clean  sponge.  On  being  released  from  the  holder,  the  animal 
jumped  away  quite  briskly,  apparently  uninjured  by  the  injection  of 
the  large  quantity  of  fluid — ^nearly  twice  the  total  quantity  of  its  blood. 

Next  day,  at  10  A.M.,  it  was  found  that  during  the  night  some  fsscea 

1  Hippoorates,  ApK  9»  sect  ii. 
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had  been  eyaouated,  for  the  most  part  finn,  but  mixed  with  a  small 
quantity  of  aemi-fluid  material.  There  was  no  purgation,  such  as 
might  have  been  expected  to  follow  the  administration  of  a  dilute 
solution  of  so  large  a  dose  of  the  salt.  The  urine  up  to  this  hour, 
including  that  collected  yesterday  evening,  measured  190  cc,  and 
yielded  H^SOi,  corresponding  to  4' 685  grammes  of  NajSO^LlOHaO, 
or  an  excess  not  exceeding  4  grammes. 

On  the  following  day,  no  further  evacuation  of  faeces.  TJrine 
measured  33  cc,  and  was  thickish  and  somewhat  gelatinous.  The 
diet  was  still  water-free.  The  urine  gave  H2SO4,  equivalent  to  1  *637 
gtammes  of  Na^SO^.lOH^O,  or  an  excess,  probably,  of  about  1*25 
grammes. 

Although  this  rabbit  was  kept  under  observation  for  several  days 
more,  the  faeces  never  became  fluid.  The  urine,  very  strangely,  became 
more  and  more  gelatinous ;  and,  on  the  fifth  day  from  the  beginning  of 
the  experiment,  was  so  much  so  as  to  form  a  soft  gelatine-like  jeUy, 
perfectly  transparent  and  of  a  pale  yellow  colour.  On  heating  it 
became  fluid,  and  showed  no  trace  of  coagulum.  It  gave  a  dense 
whitish  precipitate  with  tannic  acid,  which  partly  dissolved  in 
ammonia,  and  the  filtrate  from  the  solution  of  the  precipitate  in 
ammonia  yielded  an  abundant  precipitate  with  hydrochloric  acid. 
By  treating  the  latter  precipitate  with  oxide  of  lead,  the  tannic  acid 
was  removed,  and  there  remained  after  filtration  and  evaporation  of 
the  filtrate  a  small  quantity  of  a  gelatinous  material  Whether  it  was 
veal  gelatin  or  not,  the  quantity  was  too  Bms^l  to  permit  of  this  being 
determined  by  an  analysis  of  its  chemical  composition.  It  was  pro- 
bably gelatin.  Although  water  was  freely  added  to  the  diet,  the 
gelatinous  condition  of  the  urine  persisted. 

The  noteworthy  result  of  this  experiment  is,  that  the  injection 
of  the  water  into  the  circulation  seems  hardly  to  affect  the 
inaction  of  the  concentrated  solution  of  the  salt  in  the  alimen- 
tary canal — ^another  proof  that  the  salt  is  not  capable  of  with- 
drawing water  from  the  blood  through  the  medium  of  the 
intestinal  glands,  or  otherwise,  but  simply  combines  with  the 
water  it  finds  already  present  in  the  canal.  There  was  certainly 
a  small  quantity  of  semi-fluid  fasces,  but  the  amount  of  purga- 
tion is  not  at  aU  equal  to  the  dose  of  the  purgative  administered. 

The  appearance  of  gelatine,  or  a  gelatine-like  substance,  in  the 
urine  of  this  rabbit,  although  of  no  importance  in  connection 
with  the  object  of  the  present  investigation,  is  a  very  unusual 
and  extremely  interesting  phenomenon,  and,  so  far  as  I  know,  a 
phenomenon  hitherto  unobserved  It  was  probably  produced 
by  the  conditions  of  the  experiment,  but  how,  and  by  which,  or 
by  all,  of  theser^conditions  I  cannot  attempt  to  say. 
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Yulpian  ^  has  asserted  that  a  purgative  salt  acts  chiefly  by 
excitiDg  an  inflammatory  irritation  of  the  alimentary  mucous 
membrane,  and  consequently  creates  an  exudation  such  as  we 
observe  in  a  mucous  catarrh.  Since  the  irritant  action  of  croton 
oil  is  visible  even  on  the  skin,  we  can  hardly  doubt  that  the  oil 
also  irritates  the  mucous  membrane  when  in  contact  with  it. 
But,  if  the  salt  and  the  oil  both  act  in  the  same  manner,  an 
ordinary  purgative  dose  of  each  should  be  similarly  modified  by 
similar  circumstances.  If  the  salt  fails  to  excite  secretion,  or, 
at  least,  produce  purgation  in  an  animal  deprived  of  water, 
equally,  should  croton  oil  be  without  effect,  when  administered 
to  an  animal  in  the  same  .condition.     Is  this  so  ? 

Experintent  XXX. — Small  dog.  Deprived  of  water  for  the  previous 
two  days.  At  5.10  p.m.  administered  5  drops  of  croton  oil  in  the 
form  of  a  pill,  a  dose  ascertained  under  ordinary  conditions  to  produce 
moderate  purgation.  A  much  larger  dose  is  required  for  the  dog  than 
for  man.  By  nine  on  the  following  morning,  free  purgation  had 
occurred. 

Croton  oil,  therefore,  can  purge  where  sulphate  of  soda  fails ; 
and  the  conclusion  is  evident,  that,  if  the  oil  acts  by  causing  an 
inflammatory  exudation  from  the  alimentary  mucous  membrane, 
the  salt  does  not  act  in  the  same  manner,  and  as  Yulpian  suggests. 
We  are,  further,  ten^pted  to  in(er  from  this  experiment  that  as 
croton  oil  is  still  capable  of  withdrawing  fluid  from  the  blood 
when  the  animal  has  been  deprived  of  its  water  for  a  day  or  two 
previously,  so  sulphate  of  soda,  acting  under  the  same  condition, 
should  not  be  prevented  from  extracting  water  from  the  blood, 
did  it  ordinarily  exercise  such  an  action,  whatever  be  the  exact 
nature  of  that  action.  If  this  inference  be  legitimate,  it  lends 
support  to  the  theory  at  p^sent  being  tested.  But,  it  is  possible, 
notwithstanding  the  result  of|  Experiment  XXIX.,  that,  if  the 
salt  excite  a  true  secretion  and  not  an  inflammatory  exudation, 
a  concentrated  condition  of  the  blood,  arising. from  a  deficiency 
of  water  in  the  diet,  may  materially  diminish  the  former,  while 
it  is  unable  to  any  great  extent  to  modify  the  quantity  of  the 
latter. 

The  experiments  hitherto  detailed  are  sufficient  to  give  a 
locm  standi  to  the  theory  which  they  were  designed  to  support 

1  Vtilpian,  op.  cU, 
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— that  a  salt  purges  in  virtue  of  its  combining  with  the  water 
in  the  alimentary  canal,  thus  preventing  the  rapid  absorption  of 
the  water  on  account  of  its  own  low  diffusive  power.  This  was 
my  object  when  I  commenced  this  investigation.  And,  indeed, 
I  had  hoped  to  find  in  this  theory  a  complete  explanation  of  the 
action  of  saline  purgatives.  So  far  I  appear  to  have  succeeded. 
But  it  may  be  well  at  this  stage  of  the  inquiry  to  frankly  admit 
that  the  experiments  of  the  various  succeeding  series  have  com- 
pelled me,  by  no  means  unwillingly — for  I  but  sought  the  truth 
— to  abandon  the  present  view ;  for  what  reasons  I  shall  after- 
wards state. 

This  admission  does  not  necessarily  impair  the  value  of  the 
preceding  experiments.  They  are  of  themselves  of  much 
pharmacological  and  physiological  interest;  and  the  several 
analyses  of  the  excretions  offer  some  facts  of  both  practical  and 
scientific  importance.  These  we  will  now  consider.  For  their 
more  convenient  comparison,  I  have  arranged  them  in  a  tabular 
form.  I  need  hardly  repeat  that  they  were  made  with  the 
greatest  possible  care  and  exactitude,  each  analysis  in  almost 
every  instance  having  been  performed  twice.  We  shall  first 
examine  the  effect  of  the  salt  on  the  urine,  and  afterwards  its 
effect  on  the  faeces. 

The  experiments  tabulated  exhibit  a  material  increase  in  the 
quantity  of  the  urine  after  the  administration  of  the  salt  in  a 
diluted  form,  probably  in  part  due  to  the  water  given  with  the 
salt.  As  from  other  experiments,  which  will  afterwards  be 
given,  I  have  observed  that  the  increase  is  usually  best  marked 
on  the  day  following  the  ingestion  of  the  salt,  I  may  be  per- 
mitted here  to  point  to  Experiment  XXIII.  as  showing  this 
increase  very  clearly..  In  the  corresponding  experiment  with 
the  large  dog  (Experiment  XXV.),  this  rise  does  not  occur  on 
the  second  day,  but  on  the  third,  while  there  is  a  very  large 
excretion  of  urine  during  the  first  day.  This  anomaly  is  probably 
the  result  of  the  unusually  large  quantity  of  water  which  was 
taken  with  the  salt. 

Where  the  salt  has  been  administered  without  water  to  a  dog 
fed  on  a  water-restricted  diet,  the  urine,  as  might  have  been 
expected,  is  largely  diminished  in  quantity,  the  effect,,  in  all 
Ukelihood,  of  the  mere  modification  of  the  diet 
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The  salt  recovered  from  the  urine,  as  estimated  from  the  excess 
of  sulphuric  acid  present^  is  of  more  interest.  In  no  case  was 
the  whole  of  the  salt  administered  again  obtained  from  the  urine 
and  the  faeces.  More  was  always  recovered  after  a  dilute  than 
after  a  concentrated  purge.  The  blood  in  the  latter  case  seemed 
to  retain  the  salt  for  a  much  longer  time  than  in  the  former,  as 
was  proved  in  Experiment  XXVL,  by  a  considerable  excess  of  the 
sulphate  appearing  in  the  urine  after  the  administration  of  water, 
without  that  the  quantity  of  the  urine  itself  was  increased  beyond 
the  normal.  The  time  usually  required  for  the  elimination  of 
the  salt  by  the  kidneys  extended  over  more  than  twenty-four 
hours,  and  the  small  quantity  obtained  during  the  next  twenty- 
four  hours  renders  it  highly  probable  that,  under  ordinary 
circumstances,  the  elimination  is  completed  in  from  thirty  to 
thirty-six  hours  from  the  time  of  administration. 

As  regards  the  amount  of  the  salt  recovered  from  the  urine, 
compared  with  that  obtained  from  the  faBces,  from  one-half 
{Experiment  XXV.)  to  nearly  one-third  (Experiment  XXIII.)  of 
the  total  salt  excreted  appeared  in  the  urine,  when  the  salt  was 
administered  well  diluted ;  and  the  more  pronounced  the  purga- 
tion, the  less  was  the  quantity  of  the  salt.  On  the  other  hand, 
when  the  salt  was  given  in  a  concentrated  form,  practically  the 
whole  of  it  passed  into  the  urine.  Even  did  absorption  of  the 
salt  proceed  with  equal  pace  in  both  classes  of  experiments,  this 
great  difference  might  be  accounted  for  in  this  way,  that  in  the 
experiment  with  the  diluted  salt,  e.g,^  Experiment  XXIIL,  a  great 
part  of  the  salt  is  removed  from  the  alimentary  canal  with  the 
stool  which  was  evacuated  twelve  hours  after  the  administration 
of  the  purgative,  whereas,  had  purgation  not  occurred  until  the 
end  of  twenty-four  hours,  the  most  of  this  salt  might  have  been 
absorbed  from  the  intestines.  In  other  words,  the  salt  does  not 
remain  long  enough  in  the  alimentary  canal  to  permit  of  its 
complete  absorption  by  the  blood.  In  Experiments  XXVL  and 
XXVTL,  where  the  salt  was  given  without  water,  no  faeces  were 
passed  until  the  expiry  of  two  complete  days,  and  thus  abundance 
of  time  was  allowed  for  the  disappearance  of  salt  from  the  canal. 
The  difference  can  certainly  be  accounted  for  in  this  manner ; 
but  the  following  two  experiments  will  distinctly  prove  that, 
apart  from  the  variation  in  the  time  allowed  for  the  absorption 
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of  the  salt,  the  more  concentrated  salt  is  more  rapidly  absorbed 
than  the  more  dilute.  This  might  almost  have  been  taken  for 
granted,  were  it  not  that  both  Aubert^  and  Buchheim^  expressly 
state  that  the  extent  of  dilution  of  the  salt  has  little  or  no  effect 
on  the  rate  of  its  absorption,  even  when  some  attempt  was  made 
to  restrict  the  water  in  the  diet  (Buchheim). 

Experiment  XX XL — Small  dog.  Diet,  bread  and  water.  At 
9.50  A.M.,  emptied  the  bladder,  and  injected  into  the  stomach 
16  grammes  of  sulphate  of  soda,  dissolved  in  350  ca  of  water  (about 
4^  per  cent  solution).  The  urine  was  taken  from  the  bladder  at  in- 
tervals of  three  hours  during  the  remainder  of  the  day.  At  8.25  p.m. 
free  Uquid  purgation  occurred.  Bladder  was  immediately  catheterised 
The  whole  urine,  from  9.50  am.  until  now,  measured  253  cc,  and 
contained  H^S04  equivalent  to  5*478  gnunmes  of  Na^SO^.lOH^O,  or 
an  excess  of  4*503  grammes. 

Purgation  occurred  in  ten  hours  thirty-five  minutes.  In  the 
next  experiment,  made  several  days  afterwards,  exactly  the 
same  dose  of  the  salt  was  administered,  but  without  water,  and 
after  the  dog  had  been  fed  on  a  water-restricted  diet.  At  the 
end  of  the  same  time,  ten  hours  thirty-five  minutes,  the  uiine 
was  collected  and  analysed. 

Experiment  XXXIL — Same  dog.  Fed  for  two  days  before  on 
bread  only — no  water.  At  9.50  A.M.,  bladder  emptied ;  administered 
16  grammes  of  the  salt,  in  the  form  of  large  pills,  made  with  a  few 
crumbs  of  bread.  At  8.25  p.m.  the  bladder  was  again  catbefcerised. 
This  urine,  with  that  obtained  since  morning,  measured  138*5  cc,  and 
yielded  HjSO^,  corresponding  to  10*030  grammes  of  NajSO^.tOH^O, 
or  an  excess  of  9*065  gramme.     Purgation  never  occurred 

The  salt  recovered  from  the  urine  in  the  second  experiment  was, 
therefore,  twice  as  much  as  in  the  first. 

These  two  experiments  decisively  prove  what  the  others  more 
or  less  indicate,  that  the  rapidity  of  the  absorption  of  the  salt  is 
influenced  by  the  degree  of  concentration  of  its  administration, 
concurrently  with  a  diminution  of  the  fluidity  of  the  contents  of 
the  alimentary  canal,  and  probably  also  of  the  fluidity  of  the 
blood.  The  last  factor,  I  am  inclined  to  think  from  later  experi- 
ments, is,  perhaps,  the  most  important. 

We  shall  now  turn  to  the  analysis  of  the  faeces,  and  it  will  be 
found  that  they  present  us  with  some  facts  of  considerable  value. 
The  analysis  from  the  large  dog  are  more  satisfactory  than  those 

^  Aubert,  op.  cU.  '  Buchheim,  op,  cU, 


s- 


THE  ACTION  OF  SALINE  CATHARTICS.  279 

from  the  small  dog,  as  it  was  of  a  less  constipated  habit  of  body, 
and,  under  ordinary  conditions,  defsecated  once  a  day.  The  small 
dog,  on  the  contrary,  rarely  had  stools  oftener  than  once  in  two 
or  three  days,  which  accounts  for  the  irregularity  in  the  quantity 
of  its  fffices,  Eortunately,  it  hardly  affects  the  relative  propor- 
tions of  the  constituents  of  the  stools,  for  the  normal  excrements 
of  both  dogs  are  remarkably  alike  in  compQsition,  as  is  more 
clearly  brought  out  by  comparing  the  percentages  of  the  con- 
stituents : — 

Small  dog.  Large  dog. 

Aveniq^  offowr  days.  Average  of  three  days. 

Water,        .        .        62*58  per  cent.  6070  per  cent. 

Solids,         .        .        37-42       „  39-30       „ 


n 
» 


Organic,         34-27       „  36-15 

Inorganic,        3*15       „  3*15       „ 


HjSO^        .        .  0-220     „  0174     „ 

These  analyses  were  made,  as  has  been  previously  mentioned, 
while  the  dogs  were  fed  on  brown  bread  and  water,  the  diet 
employed,  with  or  without  the  water,  in  all  the  experiments. 
It  is  satisfactory  to  observe  this'  uniformity  of  composition,  as 
greater  weight  can  be  attached  to  the  variations  produced  in  the 
fsBcal  constituents  by  the  action  of  the  purgative.  Among  these 
variations,  the  most  notable  is  naturally  that  of  the  water. 
Beneath  80  per  cent  of  water  the  faeces  are  of  plastic  con- 
sistence ;  with  each  additional  per  cent,  of  water  they  become 
rapidly  more  liquid.  The  amount  of  water,  it  will  be  observed, 
corresponds  tolerably  with  the  quantity  of  the  purgative  salt  in 
the  stools-*-the  more  salt,  the  more  water.  The  salt,  in  its  turn, 
is  less,  the  longer  the  interval  between  its  administration  and 
its  purgative  effect,  as,  casteris  paribus,  more  of  it  will  have  been 
absorbed  from  the  alimentary  tract ;  so  that,  within  certain 
limits,  the  shorter  that  interval  is,  the  more  marked  is  the  pur- 
gative effect.  This  is  borne  out  by  a  comparison  of  Experiments 
XXIIL  and  XXV.,  and  by  other  experiments  not  given.  No  one 
will  deny  its  truth  when  applied  to  intervals  of  one  or  two  days ; 
but  I  have  every  reason  to  believe  it  is  equally  true  for  periods 
of  almost  as  few  hours.  This  is  practically  stating  that  the 
maximum  of  fluid  within  the  canal  occurs  shortly  after  the 
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acbninistpDation  of  the  salt ;  aad  weie  Bnchlieim'B  theory  correct, 
tibe  maximiiin  ooghi  to  be  coinoident  with  administKatioQ. 

Of  greater  interest  and  piaotical  value  ki  the  e£fect  of  the 
purgative  on  the  quantity  of  the  sohida  of  the  fsaces,  especially 
of  the  inorganic  portion  of  them.  This  ia  best  sho¥m  by  the 
table  on  ti^  opposite  page,  in  wMch  I  have  rectified  the  modifi- 
cation of  the  quantity  of  th^  solids  produced  by  the  presence  of 
the  puigative  salt  In  order  to  obtain  the  real  weight  of  the 
total  solids,  I  have  dedncted  the  weight  of  the  estimatied  excess 
of  crystalline  sulphate  of  soda  from  the  weight  of  the  dried 
fooes ;  and  to  aso^rtaia  the  real  amount  of  the  inorganic  solids, 
the  excess  of  the  sulphate,  reckoned  as  water*-free,  has  been 
subtracted  from  the  weight  of  the  ash,  as  given  in  the  previous 
tables.  In  each  case,  before  drying^nd  burning,  the  f seces  were 
mixed  with  2  grammes  of  dried  carbonate  of  soda;  but  that,  of 
course,  has  been  deducted  from  the  weights  stc^d  For  reasons 
already  given  I  am  inclined  to  attach  more  value  to  tiie  analyses 
of  title  £Bece&  of  the  large  dog. 

The  most  remarkable  feature  in  the  table  is  the  considerable 
increase  in  the  inoi^nic  constituents  of  the  faeces,  apart  from 
the  purgative  salb  present.  In  the  case  of  the  large  dog,  after 
the  administration  both  of  the  diluted  purge  and  of  the  concen- 
trated purgey  but  notably  after  the  latter,  is  this  increase  evident, 
amounting  to  1  gramme  in  the  form^r  experiment^  and  to  more 
than  2  guammeB  in  the  latter.  The  organic  matter,  meanwhile,  re- 
mains much  aa  normally,  or,  if;  altered,  it  is  diminished,  as  on  the 
iSrst  day  of  Experiment  XXY.,  where  the  diminution  is  probably 
due  to  the  dog  having  had  no  forenoon  meal,  as  always  happened 
on  the  day  of  the  administration  of  tho  salt.  In  the  experiments 
with  the  small  dog,  whilst  the  same  result  is  very  observable, 
even  for  three  days  after  the  administration  of  the  concentrated 
salt,  yet  the  diluted  salt  is  not  followed  by  an  increase  in  the 
proportion  of  the  inorganic  to  the  organic  matter,  although  it 
causes  a  small  absolute  excess  of  the  former.  Setting  aside  this, 
the  sole  exceptional  result,  and  for  which  it  may  be  possible  in 
part  to  account,  as,  for  example,  by  the  short  time  the  salt 
remained  in  the  canal,  we  may  reasonably  conclude  that  sul- 
phate of  soda  and  probably  other  saline  purgatives  increase  the 

quantity  of  the  inorganic  constituents  of  the  fseces,  independent 
vol*  XVL  T 
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of  the  salt  which  they  themselves  add.  The  quantity  of  the 
organic  matter  is,  on  the  contrary,  little  affected*  The  increase 
of  the  organic  matter  in  Experiment  XXIII.  is  doubtless  due  to 
the  salt  acting  on  a  previously  constipated  bowel 

What  is  the  composition  of  this  increase  of  the  fsecal  ash, 
and  what  its  source  ?  I  r^et  that,  not  having  observed  the 
increase  while  making  the  analyses,  I  did  not  examine  its  com- 
po8ition«  It  was  not  due  to  silica,  for  that  I  never  found  to 
exceed  5  per  cent  of  the  total  ash.  It  must,  therefore,  have  con- 
sisted of  salts  soluble  in  water  and  acid. 

The  source  of  the  increase  of  ash  could  not  have  been  the 
food,  as  the  same  kind  of  bread  was  used  when  the  normal  ash 
was  calculated  as  during  the  purgative  experiments.  The  bread 
contained  42  per  cent,  of  w^ter,  and  1*10  per  cent  of  ash,  and 
each  dog  received  500  grammes  per  diem.  The  total  ash  in  this 
quantity  would  not  exceed  5*5  grammes,  the  greater  part  of 
which,  consisting  of  soluble  salts,  must  have  been  absorbed  long 
before  the  food  reached  the  rectum;  and  as  defaecation  was 
delayed  in  those  experiments  where  the  ash  of  the  faeces  attained 
its  maximum,  ample  time  was  allowed  for  absorption.  The 
source  of  the  ash  must,  therefore,  be  the  blood,  through  some 
form  of  intestinal  secretion.  Such  a  conclusion  is  inconsistent 
with  Buchheim's  theory,  but  1  have  already  admitted  that  his 
theory  is  insufficient  and  possibly  erroneous  In  all  proba- 
bility an  intestinal  secretion,  relatively  rich  in  inoiganic  but  poor 
in  organic  matter,  is  excited  both  by  the  diluted  and  by  the 
concentrated  salt  When  the  latter  is  administered,  the  water 
of  the  secretion  ia  re-absorbed,  whilst  its  solids,  especially 
the  ash,  remain  within  the  alimentary  canal.  To  this  point  I 
shaU  return. 

The  three  subsequent  series  of  experiments  will  show  how  I 
was  forced  to  abandon  the  view  with  which  I  commenced  this 
inquiry  into  the  action  of  saline  cathartics.  In  these  will  be 
offered  for  the  first  time  indisputable  proof  of  the  salt  exciting 
secretion  within  the  intestines.  The  nature  of  the  secretion  will 
likewise  be  discussed,  and  notice  taken  of  some  remarkable 
variations  in  quantity  which  the  salt  undergoes  in  its  passage 
through  the  alimentary  canal 

{TobeeontimueL) 
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EESEAECHES  ON  THE  GASES  OF  THE  BILE  By  J.  J. 
Chables,  M.A.,  M.D.,  Professor  of  Anatomy  cmd  Physiology, 
Qiieen's  College,  Cork. 

Although  the  knowledge  of  the  gases  of  the  bile  is  of  material 
interest  in  the  criticism  of  many  important  questions,  yet  very 
few  researches  of  any  moment  have  been  made  in  this  direction. 
Pfluger  was  the  first  who  investigated  this  question,  when,  in 
1869,  he  analysed  nearly  all  the  secretions,  in  order  to  obtain 
reliable  data  regarding  the  tensions  of  the  respiratory  gases  in 
the  tissues.  In  his  discussion  of  this  subject,  Pfluger  gives  the 
two  following  analyses  of  the  gases  of  dog's  bile : — 


BxninmfT  I. 

ItnmnnvP  TT 

Amount  of  bile— 13*066  ccm. ;  re- 

Amount  of  bile  -  28*8  ccm. ;   re- 

action   alkaline ;     food 

probably 

action    neutral,  or   fidntly   acid ; 

vegetable. 

food,  animal 

Percent. 

Per  cent. 

Oxygen,          .        .        . 

.     0-2 

Oxygen,        .        .        .        .     O'OO 

Carbonic  acid  (by  ez- 

Carbonic  acid  (by  ex- 

hanstion),   .        .14*4 

haustion),    .        .5-00 

Carbonic  acid  (by  phos- 

Carbonic acid  (by  phos- 

phoric acid),         .    41*7 

phoric  acid),         .     0*60 

Total, 

56-1 

Total,     6-60 

Nitrogen, 

.     0-4 

Nitrogen 0*6 

The  gases  are  at  0"  ,C.  and  1  metre  pressure. 

Pfliiger's  analyses  showed  that  there  were  present  in  the  bile 
only  vanishing  traces  of  oxygen  and  very  little  nitrogen — less 
even  than  that  contained  in  the  blood ;  whilst  the  largest  pro- 
portion of  the  gases  in  the  bile  consisted  of  very  variable  quanti- 
ties of  free  and  combined  carbonic  acid.  Why  the  carbonic  acid 
varies  so  much  in  the  dog's  bile  has  not  been  explained ;  but  it 
is  to  be  noted  that  Pfltiger^s  analyses  refer  to  bile  that  has  been 
in  the  gall-bladder,  and  not  to  bile  flowing  fresh  from  the  liver 
itself.  Now,  it  is  probable  there  are  great  diflerences  between 
the  two  kinds  of  bile ;  for,  as  is  well  known,  the  longer  the  bile 

1  E.  Pfliiger:  '*Die  Gase  der  Secrete,"  Areh,  fOr  die  gea.  Phynologie,  Bd.  iL 
p.  166. 
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remains  in  the  gall-bladder  the  greater  is  the  alteration,  not 
only  in  its  chemical  constitution  throngh  the  oxidation  of  its 
pigment,  but  also,  to  a  considerable  extent^  in  its  denaiiy  by 
absoiption  of  its  fluid  constituents. 

The  next  inveat^;ator  was  N.  Bogdjubaw,?  who,  at  the  insti- 
gation, and  under  the  direction  of  Professor  N.  Eowalewsky, 
analysed  the  gases  of  the  bUe,  but  only  with  reference  to  the 
carbonic  add.  He  published  ten  analyses,  of  which  eight  were 
made  on  the  bile  of  the  gall-bladder  of  the  dog,  one  upon  the 
freshly-secreted  bile  of  a  dog  narcotised  with  opium,  and  one 
on  the  bile  from  the  gall-bladder  of  the  sheep.  In  order  to 
judge  of  lus  results,  I  annex  the  following  table : — 


S 

a 

I 

a 


8 


5 
6 

7 

8 

9 

10 


IB 


6*649 
9-975 

11-882 

14-699 
10*886 
14-202 


a 

r 


1-298 
1-708 


1-805 
1-089 
0-971 


JO  a 


2-468 
6-287 


2-876 


0-251 


17-522    0-887 

^- / 


11167 
9-549 
7-968 


1-358 


0-802 
1-245 


0-028 
0-046 


Hi 

Is 

19-5 

87-0 

55*5 

171 

62-5 

> 

79-6 

•  •  * 

25-4 

•  •  • 

12-8 

•  •  ■ 

■  •  • 

10-5 

2-4 

12-9 

6*8 

•  •  • 

■  •  ■ 

5-06 

•  •  ■ 

•  •  • 

•  •  • 

■  *  ■ 

12-1 

8-16 

0-29 

8-45 

15-6 

0*6 

16*2 

Bile  direct  from  liver;  animal 

food. 
Bnjght  yellow,  thin  flowing, 

Erobably    freahW-tecreted 
ile    fr^m     gall-bladder ; 
aoimajfoo^. 

Do.  doL 


Gfeen  bile  from  gall-bladder ; 

animal  food. 
Brown  thin  flowing  bile  from 

sail-bladder;  animaJLfood. 
Bile  from  sail-bladder  of  a 

dog  fied  mk  bread. 
Bile  from  gaU-bl«dder  of  a 

fastmgd^. 
Green  bue  from  gaU-bMder 

of  a  sheep. 


Unfortunately,  Bogoljubow  has  forgotten  to  state  to  what 
pressure  the  gases  were  corrected,  whether  to  a  pressure  of  1 
metre  or  760  mm.  But,  as  up  to  that  time,  after  the  example 
of  C.  Ludwig  and  his  school,  1  metre  was  generally  taken  as  the 

^  N.  Bogoljubow  of  Kaaan:  "  Kohlenaaoregehalt  der  GaUe"  in  CminUbhU 
f9ir  die  Med,  Wiasenschqften,  1869,  No.  42,  p.  657. 
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standard  of  comparison,  we  may  bbMj  regard  this  as  applicable 
to  Bogoljubow's  numbers. 

BogoljuboVs  analyses,  like  those  of  Pflliger,  show  that  the 
bile  fi^m  the  gall-bladder  of  the  dog  is  sometimes  extraordinarily 
rich  in  carbonic  acid — especially  in  the  combined  iform  (see 
Exp.  2) ;  but  it  Sometimes  also  seems  very  poor  in  that  con- 
stituent, as  his  analyses  5  and  6  indicate.  Bogbljubow  main- 
tained that  vegetable  food  furnished  the  least,  'and  anihial  food 
the  most,  carbonic  acid.  He  further  believed  that  the  carbonic 
acid  in  the  bile  was  lessened  by  its  stay  in  the  gall-bladder.  It 
may  be  seen  that  he  obtained  the  least  carbonic  acid  in  the  ease 
of  the  fasting  dog ;  but  this^  it  is  true,  "^as  otily  a  single  experi- 
ment. 

In  any  case,  however,  Bogoljubow's  experiments  are  insuffi- 
cient to  enable  us  to  pronounce  upon  tbib  causes  of  the  differ^ces 
between  bile  freshly  secreted  and  bile  from  the  gall-bladder. 
For  in  the  nine  ancdyses  he  made  ot  tiie  gases  of  the  bile  from 
the  gall-bladder,  such  wide  differences  exist  in  the  amount  of 
carbonic  acid  that  in  one  case  there  is  as  much  as  79*6  per 
cent.  (Exp.  2)  and  in  another  as  little  as  3*45  per  cent  (lEacp.  9), 
whilst  in  his  only  experiment  with  freshly-secreted  bile  the 
total  carbonic  acid  amounted  to  56'5  per  cent  (Exp.  1).  It 
must  first  be  determined  whether  or  not  tile  freshly-secreted 
bile  shows  as  great  a  variation  in  the  alnount  of  its  carbonic 
acid  as  appears  to  be  the  case  with  bile  from  the  gall-bladder. 

The  influence  of  the  kind  of  the  food  also  upon  the  amount 
of  carbonic  acid  cannot  be  regarded  as  j^roved  by  the  small 
number  of  Bogoljubow's  communicated  experiments.  For  only 
experiments,  2  and  8,  of  his  table  are  of  any  value  in  enabling 
us  to  form  an  opinion  on  this  question,  wiiilst  experiment  3 
tells  rather  against  his  statement  that  animal  food  determines 
a  high  and  vegetable  food  a  low  proportion  of  carbonic  acid. 
Bogoljubow  may  have  even  been  confirmed  in  this  last  view  of 
his  by  the  fact  that  the  bile  of  the  gall-bladder  of  the  sheep 
furnishes  a  much  smaller  proportion  of  carbonic  acid.  Unfor- 
tunately, here  again  Bogoljubow  has  only  supplied  us  with  a 
single  analysis  of  the  gases  of  the  bile ;  and,  strange  to  say,  this 
is  the  ordy  analysis  we  have  v/p  to  the  pres&rU  of  the  gases  of  the 
hUe  of  a  herbiwrvus  ammal. 
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The  history  of  this  interesting  investigation  may  be  brought 
to  a  close  by  quoting  the  following  analysis  by  Noel^  of  dog's 
bile. 

Yolnme  per  oent 

Oxygen, 1*22 

Carbonic  acid, 4*03 

Nitrogen, 9-13 

But  this  analysis  cannot  be  regarded  as  of  any  value,  as  it  is 
not  stated  at  what  pressure  the  gases  were  estimated ;'  besides, 
the  amount  of  oxygen  and  nitrogen  is  certainly  wrong ;  further, 
it  is  not  stated  how  the  carbonic  acid  was  obtained,  whether  by 
exhaustion  or  by  the  addition  of  an  acid ;  and  finally,  it  is  not 
indicated  in  any  way  whether  the  bile  had  been  freshly  secreted 
or  had  come  from  the  gall-bladder. 

We  see,  therefore,  that  numerous  investigations  are  still 
necessary  in  order  to  clear  up  these  important  points. 

This  summer  I  undertook  a  series  of  experiments  on  this  sub- 
ject in  the  Physiological  Laboratory  at  Bonn,  and  the  following 
was  the  method  I  adopted : — 

The  animal  was  firmly  fixed,  and  the  abdomen  being  opened 
in  the  line  of  the  linea  alba,  the  common  bile  duct  was  sought 
for,  and  a  small  cannula  fixed  into  it,  and  to  this  in  turn  an 
elastic  tube  was  attached.  The  wound  was  then  closed,  and  the 
projecting  tube  brought  into  air-tight  connection  with  the  glass 
apparatus  next  to  be  described. 

The  accompanying  figure  will  render  the  arrangement  of  the 
apparatus  easy  to  be  understood:  a  is  the  collecting  tube, 
which  stands  vertically  in  another  wider  tube  containing  mer- 
cury ;  it  is  1*5  cm.  wide,  accurately  calibrated,  and  divided  into 
millimetres ;  h  is  the  continuation  of  a,  but  of  much  narrower 
bore ;  c  Ib  a  similar  tube  running  horizontally,  and  fixed  at  right 
angles  to  a  at  the  point  where  its  diameter  diminishes ;  e  is  a 
horizontal  tube  in  connection  at  one  end  with  5,  and  at  the 
other  with  g,  the  receiver  of  Pflliger's  pump.  Both  these  hori- 
zontal tubes  c  and  e  are  respectively  provided  with  secondary 

'  G.  Noel:  "^ude  g^n^nde  sur  les  Tariations  pbysiol.  dee  gaz  da  sang," 
ThUe,  Paris,  1876.  Quoted  by  Hoppe-Seyler :  Physiolagische  Chemie,  ii.  Theil, 
1878,  p.  807. 

'  Hoppe-Seyler,  however,  sappooes  that  760  mm.  may  be  taken  as  the  presBOTB. 
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tubes  d  and  /,  attached  at  right  angles ;  d,  although  depicted 
as  running  down  vertically  from  c,  really  runs  horizontally; 
h,  k,  m,  n,  and  o  are  Geissler's  stop-cocks,  whereby  at  pleasure 
more  or  less  of  the  apparatus  can  be  rendered  perfectly  air- 
tight Before  the  experiment  begins  the  whole  apparatus  is 
fiUed  with  mercury  so  completely,  that  not  a  trace  of  air  exists 
even  in  the  bore  of  the  stop-cocks.  The  tube  /  has  joined  to  it 
another  fine  tube,  which  opens  freely  into  the  air ;  and  it  is  by 
the  latter  tube  that  at  the  required  moment  phosphoric  acid 
makes  its  way  into  the  receiver.  The  next  preliminary  operation 
is  to  exhaust  the  receiver,  and  at  the  same  time  the  tube  e  as  far 
as  k,  the  stop-cocks  k  and  n  being  closed  and  o  open.  The  mercury 
now  extends  from  the 
collecting  tube  a  as 
far  as  the  stop-cock  k^ 
whose  bore,  as  well  as 
the  tubes  c  and  d,  it 
also  fills.  The,  stop- 
cocks h  and  m  are 
then  dosed.  When 
the  experiment  is  to 
commence  m  is  open- 
ed, and  from  the  open 
end  of  c  the  mercury 
is  blown  out  through 
m  and  the  tube  d. 
From  the  collecting 
tube  a  the  mercury 
will  therefore  extend 
into  c  only  so  far  as 
the  point  where  the 
tube  d  is  given  off. 

The  elastic  tube 
conveying  the  bile  is 
now  closely  bound  to 

the  tube  c,  and  sufficient  time  is  allowed  to  elapse  until  the  bile 
has  b^un  to  drop  out  of  the  tube  d,  and  all  the  air  has  been 
expelled  from  e  and  d  and  replaced  by  bile.  The  stop-cock 
m  must  next  be  closed  and  h  opened,  and  care  must  at  the 


288  DR.  J.  J.  CHABSSR. 

same  time  be  taken,  by  the  regulated  addition  of  washed  mer- 
cnrjr  to  the  cylinder  enclosing  the  collecting  tnbe  a,  that  no 
saction  ^oold  occnr  from  the  falling  of  the  mercniy  in  the 
collecting  tube.  At  the  commencement  of  the  experiment,  bnt 
for  a  few  seconds  only,  sach  a  saction  is  very  likely  to  occnr ; 
however,  no  nnfortanate  resnlts  follow,  as  it  acts  for  only  a 
few  moments,  and  all  the  connections  remain  hermetically 
closed.  In  collecting  larger  quantities  of  bile  one  might  be 
disposed  to  hasten  the  flow  by  suction;  but  this  we  found 
was  not  only  of  no  advantage,  but  was  even  liable  to  piednee 
lacerations  of  the  fine  biliary  canak,  extravasations  of  blood  and 
lymph,  entrance  of  air  into  the  system  of  tubes  conveying  the 
bile,  &a ;  and  therefore  the  only  reliable  plan  to  be  followed, 
so  as  to  approach  as  closely  as  possible  to  ihe  normal  condi- 
tions, is  to  allow  the  secretion  of  bile  to  go  on  of  itself  under 
little  or  no  positive  pressure.  In  this  way  we  have  generally 
arrived  at  extremely  favourable  results,  and  even  obtained  from 
the  same  animals  very  considerable  volumes  of  bile,  often, 
indeed,  sujfficient  for  several  experiments. 

As  soon  as  a  sufficient  quantity  of  bile  has  been  collected  we 
close  the  cock  h,  and  by  means  of  the  scale  on  the  collecting 
tube  a  we  read  off  accurately  the  volume  of  bile  present    Then 
by  a  stroke  of  the  pump  we  assure  ourselves  of  tke  completeness 
of  the  vacuum  as  far  as  k.    Next  k  is  opened.    The  bile  now 
rushes  into  the  pump,  and  we  allow  it  to  continae  to  flow  until 
the  connecting  tubes  have  been  filled  with  mercury,  and  a  snudl 
quantity  of  it  has  entered  the  receiver.     The  mercury,  as  it 
follows  the  bile,  is  intended  to  sweep  this  fluid  as  completely 
as  possible  from  the  tubes  along  which  it  has  passed.     The 
.receiver  is  then  immersed  in  a  water-bath  at  40''  GL,  and  the 
evacuation  of  the  gases  proceeds  as  in  the  analysis  of  serum- 
gas.    The  gases  are  here  also  evolved  with  difficulty  on  account 
of  the  slowness  with  which  the  sodium  bicarbonate  is  deoo&i- 
posed.    Zuntz,^  by  a  series  of  exhaustions  at  40""  G.  (extending 
over  twelve  hours,  and  carried  out  in  Pflliger's  laboratory)  of  a 
dflute  solution  of  sodium  sesquicarbonate,  obtained  about  one- 

^  Zontz:  '^Ueber  den  EmfloBS  des  PartiardrackB  der  Eohlensaore  auf  die 
Vertheilong  dieses  Gasee  im  Blute,"  CmfralblaU  fllr  die  diedieimtehm  Wimti- 
Khttften,  1867,  No.  34. 
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third  of  the  loosely  combined  carbonic  acid.  Then,  even  with 
the  tempeiatiire  raised  to  60^  C,  he  was  compelled  to  continue 
the  exhaustion  for  two  days  before  the  remaining  nearly  two- 
thirds  were  expelled.  It  therefore  follows  that  it  is  a  very 
difficult  operation  to  obtain  by  exhaustion  all  the  loosely  com- 
bined carbonic  acid  present  in  sodium  bicailrbonate  solutions. 
Accordingly,  so  soon  as  very  small  quantities  only  begin  to 
come  oS,  the  tube  /  is  immersed  in  a  dilute  well-boiled  solu- 
tion of  phosphoric  acid,  the  stop-cocks  n  and  o  are  opened,  and 
the  acid  allowed  to  enter  in  large  excess.  In  this  way,  it  is  true, 
some  of  the  atmospheric  air  absorbed  by  the  phosphoric  acid  solu- 
tion enters  the  receiver,  and  also  a  small  poition  at  the  open  end 
of  the  tube/, yet  tiiis  is  of  little  consequence,  as  the  gas  liberated 
by  the  acid  is  oolteoted  in  another  receiver,  and  here  at  present 
we  have  only  to  deal  with  the  carbonic  aoid.  Hie  evolution  of 
this  second  portion  <rf  gas  by  the  action  of  the  aoid  is  effected  in 
a  few  minutes ;  all  the  gas  is  then  in  the  free  state,  and  the 
vacuum  of  the  receiver  is  quickly  iiestoted.  But  here  it  should 
be  noted  that  the  receiver  still  contains  an  excess  ct  phosphoric 
add  which  is  absolutely  free  of  gas,  asd  in  sufficient  amount  to 
set  free  with  a  little  shaking  all  the  combined  earbonic  aoid  in  a 
second  supply  of  fresh  bile. 

If  we  make  use  of  a  large  strong  rabbit  ot  dog,  we  do  not  re- 
move the  animal  Irom  the  apparakis  in  which  the  bile  is  ooltect- 
ing  whilst  the  first  portion  of  the  bile  is  being  discharged.  Aftw 
this  first  quantity  has  made  its  way  into  the  receiver,  the  stop- 
cocks k  and  o  are  closed  and  h  again  opened.  The  bile,  which 
meanwhile  had  almost  come  to  rest,  now  runs  rapidly  again  into 
the  collecting  tube  a ;  and  often  the  experiment  is  so  far  success- 
ful that  sufficient  bile  is  obtained  for  a  second  analysis,  if  the 
precaution  be  taken  to  squirt  water  from  time  to  time  into  the 
mouth  of  the  animal,  so  that  it  may  swallow  as  much  as  it 
desires.  Babbits,  on  account  of  their  relatively  energetic  biliary 
secretion,  lose  a  very  considerable  proportion  of  water  in  their 
very  thin  liver  secretion.  If  this  second  quantity  of  bile  be  now 
admitted  to  the  receiver  with  the  same  precautions  as  the  first 
portion,  it  only  remains  necessary  to  observe  whether  the  phos- 
phoric add  in  the  receiver  is  still  present  in  excess.  At  the 
condusion  of  the  second  experiment,  we  should  always  assure 
ourselves  of  the  strong  add  reaction  of  the  fluid  in  the  receiver. 
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With  respect  to  the  gas  analysis,  it  only  remains  for  me  to 
make  a  few  additional  observations.  I  have,  for  example,  esti- 
mated the  oxygen  and  nitrogen  collectively  only,  and  this 
demands  an  explanation.  Pflnger,  in  his  treatise  on  the  gases 
of  the  secretions,  was  the  first  to  point  out  that  in  every  secre- 
tion he  examined,  with  the  exception  of  the  saliva,^  there  was 
no  oxygen  present,  or  only  a  trace.^  These  facts  discovered  by 
Pfluger  have  been  confirmed  by  Hoppe-Seyler,  who,  in  an  in- 
genious manner,  has  taken  advantage  of  the  spectroscopic  pro- 
perties of  haemoglobin  for  the  determination  of  oxygen.  He 
has  thus  furnished  evidence  of  the  absence,  or  at  least  of  the 
presence  of  mere  traces,  of  free  oxygen  in  the  fresMy-secreted 
bile — a  fact  of  more  importance  in  our  present  investigations, 
as  Pfliiger's  analyses  dealt  only  with  bile  from  the  gall-bladder, 
and  cannot  therefore  be  applied  with  strict  accuracy  to  the  bile 
flowing  directly  from  the  liver.  F.  Hoppe-Seyler  says*: — ^*'I 
have  convinced  myself  (Zeitschrift  f.  Physiol,  Chemde.  i  p.  137), 
in  the  case  of  the  dog,  that  during  digestion  the  freshly-secreted 
bile  is  generally  either  free  from  absorbed  oxygen,  or  that  the 
amount  present  is  at  least  less  than  0*15  per  cent,  by  volume. 
Hsemoglobin  solutions  mixed  with  such  bile,  in  the  absence  of 
air,  does  not  give  with  the  spectroscope  the  two  absorption  bands 
of  oxyhsemoglobin." 

Accordingly,  the  gases  contained  in  the  bile  consist  of  carbonic 
acid  and  nitrogen,  oxygen  being  absent,  or  present  only  in  traces 
whose  quantity  is  so  small  that  they  may  be  estimated  as  among 
the  errors  of  experiment  I  may,  therefore,  be  allowed  to  regard 
the  collective  percentage  estimation  of  the  nitrogen  and  oxygen 
as  sufficient  for  our  purpose. 

The  methods  of  gas  analysis  employed  were  those  of  Professor 
Bunsen. 

I.  EoEperimerUs  on  the  Oases  of  the  Bile  of  the  Rahbii, 

It  appeared  indispensable  to  me,  in  the  first  place,  to  make 
myself  acqucdnted  with  the  composition  of  the  gases  in  the  bile 
of  the  herbivora.  Accordingly,  for  this  purpose  I  made  use  of 
the  rabbit    From  this  animal  it  was  easily  possible,  after  the 

1  E.  Pfltiger,  "  Die  Gaae  des  Speichels,"  PflUg&r'a  Arehiv,  I  p.  686. 
*  E.  Pfltiger,  **  Die  Geae  der  Secrete,"  PlUger'a  Arehw,  ii.  p.  176. 
s  Felix  Hoppe-Seyler,  Phyaiologiache  Chemiey  ii  p.  807. 
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establisliment  of  a  temporary  biliaiy  fistula  with  exclusion  of 
air,  to  obtain  sufEicient  freshly-secreted  bile  for  two  analyses,  if 
the  rabbit  was  at  least  from  1500  to  2000  grms.  in  weight 
Eai^perimeTU  1. — ^Babbit  870  grms. ;  16  ccm.  of  alkaline  bile.  ^ 


Tolome 

Yolnme. 

Preesnre. 

Tempera- 
ture. 

0*  C.  and 

1  metre 

preasore. 

ccm. 

m. 

d^. 

ccm. 

Eree  caibonic  acid,  oxygen, 

and  nitrogen,  . 

12-69 

0-2504 

22-8 

2-933 

After  absorption  of  the  car- 

bonic acid, 

116 

0-2084 

20-0 

0-22373 

Combined  carbonic  acid, 

4354 

0-4037 

22-8 

16-228 

After  absorption, 

6-33 

0-2119 

22-0 

1-224 

After  correction  for  temperature  (O""  C.)  and  pressure  of : — 


1  Metre. 

760  mm. 

Free  carbomc  acid,          .... 
Carbonic  acid  liberated  by  phosphoric  acid, 
Total  carbonic  acid,        .... 
Nitrogen  and  oxygen,     .... 

Percent. 
16-94 
93-69 

110-62 
1-4 

Per  cent. 

22-3 

123-2 

145-2 

1-8 

Esxpermmt  2. — Babbit  2100  grms. ;  20*5  ccm.  of  alkaline  bile. 


Yoliune. 

Pressure. 

Tempera- 
ture. 

Volume 
O^'aand 

1  metre 
pressure 

Free  carbonic  add,  oxygen, 
and  nitrogen,  . 

ccm. 
11-87 

m. 
0-2334 

deg. 
23-25 

ccm. 
2-554 

After  absorption  of  the  car- 
bonic add  only  a  very  small 
residue.  Knmber  lost  from  crack- 
ing of  collecting  tabe ;  abont 
0'02  ccm.  of  oxygen  and  nitro- 

1 

gen. 

Combined  carbonic  acid, 

50-492 

0-4173 

23-25 

19-41 

After  absorption, . 

3-92      0.2219 

22-5 

0-804 

1  The  specific  gravity  was  not  taken,  partly  in  consequence  of  the  extreme  diffi- 
culty of  doing  so  conveniently  during  the  course  of  the  experiment,  and  partly  on 
account  of  its  rapid  variation  and  diminution  as  the  bile  flows  from  the  hver. 
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After  carrection  for  temperatere  (O"*  C.)  and  pfressure  of  :^-^ 


1 

1 

1  Metre. 

760  mm* 

1 

Free  carbonic  acid, 
Comt)ined  carbomc  acid, 
Total  tcarbonic  acid^ 
Nitrogen  and  oxygen, 

Per  cent. 
11-55 
90-82 

102-37 
0-98 

l^er  cent. 

15-2 

119-5 

134-7 

1-3 

HxperimerU  3.  —  The  same  tabbit,  which,  after  the  first 
quantity  of  bile  had  been  admitted  into  the  receiver,  emptied  its 
bile  still  further  into  tube  e  tor  this  experimeint  By  <iii8  mieans 
the  whole  oi  the  gases  ^^e  obtained  independently  at  once, 
the  phosphoiie  acid  b^ng  present  in  excess  in  the  receiver. 
Quantity  of  bile=^*5  ccm. 


1 

Yolome. 

Pressure. 

Tempera- 
tore. 

Volume 
corrected  to 
0**  C.  and 
1  metre. 

• 

Coioabilied  and  ft^   car- . 

bohic  acid,  . 
After  absoifptidtii     . 

ccm. 

41-13 
1-38 

m. 
0-1067 

s 

23.^6 

22. 
-5 

ccm. 

10-i97 
0-136 

After  correction  for  temperature  (0*^  C.)  and  pressure  of: — 


•            •                            t     »    ■     •      ' 

1  Metre. 

760  mm. 

Total  carbonic  acid, 
Nitrogen  and  oxygdn, 

Percent 
108-01 
1-43 

Percent 
1421 

1-9 

JiayperifnefU  4.— feabbit  2280  ghns. ;  25-0  ccm.  of  alkaline  bile 


Volume. 

Pressure. 

Tempera- 
ture. 

Volume  at 
O'C.  and 

1  metre. 

ccm. 

m. 

deg. 

ccm. 

Free  earbonic  aoid,  oxygen, 

and  nitrogen,                .  , 

12-56 

0-2396 

230 

2-7758 

After  absorption  of    car- 

bonic acid,  . 

1-94 

0-1974 

24-1 

03405 

Combined  carbonic  adid,  . 

69*669 

0-424 

23-0 

27-21 

After  absorption. 

7^946 

0-125 

241 

0-9142 
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Affcer  correction  for  temperature  (0°  C.)  and  pressure  of : — 


\U9ln. 

760:  miD, 

Free  carbpuic.  acid, 
Combined  carbonic  acid, 
Total  carbonic  acid, 
Oxygen  and  nitrogen^     . 

Peiroent 
,         9-7S 
^     105-18 
!     114*9^ 
1-36 

P«rc9ifLt 

12-8 

138-4 

151-2 

1-8 

JBscpenmeTU  6. — The  same  rabbit,  which  this  time  furnished 
10-5  com.  of  bile. 


Yoliim& 

• 

PfesBiure. 

TempOTa- 
tore. 

Yolnmeat 

i  0'  0.  and 

1  metze. 

Total  gas, 

After  i^bsoiption    of   the 
carbonic  acid, 

•          <  • 

ccm. 
38-22 

073 

m. 
0-3361 

0-1857 

deg. 
23-0 

241 

couiu 
11-848 

0-1244 

After  correction  for  temperature  (0.**  C,>  and  pressure  of :— 


i 

1  If otre. 

,         7S0  QITB. 

Total  carbonic  acid, 
Oxygen  and  nitrogen. 

« 

Percent. 

111-66 

119 

1      Fetconfc 
146-9 
1-4 

As  e^  genera^  result  of  the  prece(}ing  analyses  it  appears  that 
the  bile  of  the  rabbit  is  extraordinarily  rich  in  carbonic  acid, 
more  so  indeed  than  any  other  of  the  animal  flmds  yet  examined. 
This  ipesult  was  confirmed  by  an  alkalimetric  estimation  of 
rabblf  s  bile  Mn^dly  ma^de  by  Br.  Antweiler,  chemical  assistant  in 
the  Physiological  Institute  of  Bonn.  He  found  100  ccm.  of 
rabbit's  bile  capabl^  of  fixing  106  ccm.  of  carbonic  acid  (at  0""  C. 
and  1  m.)  in  the  form  oj^  bicarbonate,  a  result  which  is  in  the 
closest  correspondence  with  the  above  analyses.  Sogoljubow's; 
statement,  theiref ore,  that  the  bile  of  the  sheep  contains  only  a, 
total  of  16-2  per  cent,  of  carbonic  acid  must  therefore  be  re-, 
garded  as  requiring  further  proof. 
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II.  Ex^enmerUs  <m  the  Oases  of  the  Bile  of  the  Dog. 

The  methods  were  the  same  as  those  employed  in  the  case  of 
the  rabbit 

EsqperimefU  6. — ^Dog  of  11*400  grms.  Not  narcotised.  Weakly 
alkaline  bile=:20-5  cchl  The  dog  had  been  well-fed  for  three 
days  previously  on  horses'  flesh. 


Yolome. 

Prefisnre. 

Tempera- 
'  tare. 

Yolnme  at 
0"*  C.  and 
1  metre. 

• 

Total  free  gas, 

After    absoiption    of    the 

carbonic  acid, 
Combined  carbonic  acid,   . 
After  absorption,  "" . 

ccm. 
22-66 

2-79 
22-361 
•635 

m. 

0-1796 

0-1023 
0-2966 
0-172 

deg. 
22-0 

22-4 
22-0 
22-4 

ccm. 
3-765 

0-2639 

6-139 

0-10124 

After  correction  for  temperature  (0**  C.)  and  pressure  of : — 


1  Metre. 

760  mm. 

Free  carbonic  acid,         .... 
Combined  carbonic  acid, 
Total  carbonic  acid,        .... 
Nitrogen  and  oxygen,     .... 

Percent 
17-1 
29-45 
46-65 
1-29 

Per  cent. 

22-5 

38-7 

61-2 

1-7 

Ha^eriment  7. — A  strong  dog  of  12  kilogrammes  famished  in 
the  first  place  22  ccm.  of  alkaline  bile.  The  beast  was  strongly 
narcotised  with  morphia.  The  22  ccm.  flowed  away  in  fifty 
minutes. 


Volume. 

PreBBare. 

Tempera- 
ture 

Volume  at 
0**  C.  and 
1  metre 

Free  carbonic  acid,  oxygen, 

and  nitrogen, 
After    absorption    of   the 

carbonic  acid, 
Combined  carbonic  acid,  . 
A  f tier  absorption,     . 

ccm. 
15-54 

2-12 

34-33 

3-72 

m« 
0-2472 

0-1965 
0-3224 
0-202 

deg. 
25-0 

24-5 
25-0 
24-5 

com. 
3-6186 

0-3823 
10-13 
0-6896 

s 
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After  correction  for  temperature  (0"*  0.)  and  pressure  of : — 


• 

1  Me'bne. 

760  mm. 

Free  carbonic  acid,         .... 
Combined  carbonic  acid. 
Total  carbonic  acid,        .... 
Oxygen  and  nitrogen,     .... 

Per  cent 

14-28 

42-96 

57-24 

1-74 

Percent 

18-8 

66-4 

75-3 

2-2 

Exfperimient  8. — ^The  same  animal  furnished  20  ccm.  more 
bile,  which  was  allowed  to  flow  into  the  excess  of  phosphoric 
acid  already  present  in  the  pump. 


« 

Volume. 

Pressure. 

Tempera- 
ture. 

Volume  at 
0''  C.  and 
1  metre. 

Free    and   combined  car^ 

bonic  acid,   . 
After  absoiption, 

com. 

60-37 
2-26 

m. 

0-3659 
0-935 

25-0'* 
24-5" 

ccm. 

20-228 
19-40 

After  correction  for  temperature  (0^  C.)  and  pressure  of : — 


1  Metre. 

760  mm. 

Total  carbonic  acid,        .... 
Oxygen  and  nitrogen,    «... 

Per  cent. 
100-16 
0-970 

Per  cent. 
131-8 
1-2 

Here  we  may  ask  ourselves  whether  this  high  proportion 
of  carbonic  acid  may  not  be  the  result  of  the  strong  morphia 
narcosis  into  which  the  animal  was  brought  by  the  repeated 
morphia  injections.^ 

We  shall  now  collect  the  essential  results  of  the  previous 
experiments  in  the  following  table : — 

^  Morphia  increases  the  quantity  of  carbonic  acid  in  the  blood ;  this  may 
possibly  explain  the  above. 


296 


BB.  J.  J.  OHAEUEEL 


Oeneral  TcMe  of  (he  Experiments  upon  the  Cfuses  of  the  Bile  of 

the  Babbit. 
The  gases  aie  at  1  metre  pressnra 


Ko.  of 
Experiment 

Free  Cartxmic  Add. 

OsTbonic  Add  Kber- 

ated  hy  the  action 

of  an  add. 

Total  Oubonio  Add. 

• 

1 
2 
3 
4 
5 

Percent 
16-94 
11-55 

•  •  • 
9-75 

•  •  • 

Per  cent 

93-69 
90-82 

106-lS 

•  •  • 

Percent 
110-62 
102-37 
108-01 
114*9 
111-66 

Total,  547-56 
Mean,  109-5 

General  Table  of  the  JExpermente  upon  the  Oases  of  the  Bile  of 

the  Dog. 


No.  of 
Experiment 

Free  Carbonic  Add. 

Carbonic  Add  libera 

ated  by  the  action 

of  an  add. 

TotiaOtiboDkAcid: 

1 
2 
3 

Percent 

17-1 
14-28 

Percent 
29-45 
42-96 

•  •• 

Percent 
46-55 
67-24 

100-16 

The  small  number  of  experiments  on  dogs,  and  the  extra- 
ordinarily high  value  obtained  in  experiment  3,  where  there  was 
such  deep  narcosis,  a  value,  too,  difiPering  so  much  from  the  others, 
forbids  us  drawing  a  mean  in  the  case  of  these  experiments. 
But  it  is  worthy  of  remark  that  the  numbers  Bogoljubow 
obtained  in  an  analysis  of  freshly  secreted  bile  corresponds  very 
closely  with  our  experiment  2,  and  indicates  56'5  per  cent 
These  experiments  are  therefore  not  unfavourable  to  Bogoljubow's 
view  that  the  bile  direct  from  the  liver  is  generally  richer  in 
carbonic  acid  than  that  from  the  gall-bladder.  For  whilst  both 
Pfltiger  and  Bogoljubow  in  experimenting  with  the  bile  from  the 
gall-bladder  obtained  a  comparatively  small  proportion  of  carbonic 
acid,  this  was  never  found  to  be  the  case  in  any  experiments  on 
the  freshly  secreted  bile. 
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If  we  compare  the  amount  of  carbonic  add  present  in  the 
freshly  secreted  bile  of  the  dog  with  that  of  the  herbivorous 
rabbit,  we  are  struck  at  once  with  the  much  higher  proportion 
in  the  case  of  the  latter.  This,  as  has  been  established  by  Br. 
Antweiler's  alkalimetric  determination,  is  due  to  the  extremely 
high  proportion  of  carbonated  alkali  present,  and  shows  what 
large  quantities  of  alkaline  fluid  are  poured  out  into  the  small 
intestine  of  herbivorous  animals.  No  fluid  in  the  hocly  ia  as 
yet  hnovm  which  indicates  such  a  high  proportion  of  carboncUed 
alkali.  On  one  occasion  Pfliiger  ^  obtained  a  total  amount  of 
64*7  per  cent  of  carbonic  acid  in  the  saliva  of  the  dog ;  this 
number  is  calculated  at  a  pressure  of  1  metre.  But  whether  a 
still  higher  proportion  is  present  in  the  saliva  of  the  herbivora, 
has  unfortunately  not  yet  been  determined. 

As  to  the  question  of  the  cause  of  such  a  great  difference  in 
the  amount  of  carbonic  acid  in  the  bile  of  camivora  and 
herbivora,  a  decisive  answer  cannot  be  given  from  our  present- 
knowledge  of  the  subject.  We  may,  however,  regard  as  settled 
that  this  difference  is  dependent  on  the  different  and  varying 
proportion  of  carbonated  alkali  present ;  and  this  may  possibly 
indicate  that  the  blood  from  which  the  bile  is  separated  is  pro- 
bably richer  in  carbonated  alkali  in  herbivora  than  in  carnivora. 

Unfortunately  we  know  so  very  little  about  the  quantitative 
proportions  of  the  gases  in  the  blood  of  herbivora  that  we  can 
with  safety  found  no  satisfactory  hypothesis  as  to  the  amount  of 
carbonic  acid  upon  the  alkalinity  of  their  blood.  In  C.  Lud- 
wig's^  laboratory  some  analyses,  after  the  old-fashioned  im- 
perfect exhaustion-methods,  were  performed  by  Wilhelm  Preyer  * 
with  sheep's  blood,  in  which,  however,  no  high  proportion  of 
carbonic  acid  was  obtained.  It  amounted  respectively  in  four 
analyses  of  the  blood  of  the  sheep  to  35'7o,  35*66,  38*01,  and 
37*53.    According  to  Ffliiger's  researches  ^  normal  arterial  dog's 

^  £.  Pfliiger:  *'Die  Gase  des  Speichek,"  PfiHger's  Arehiv,  i.  p.  688. 

*  C.  Ludwig:  "  Zusammenstellung  der  Unterouchangen  iiber  Blatgase,'* 
ZeUachrift  der  k.  k.  Gesdlschafl  d,  Aertze  in  Wien^  1865|  p.  8. 

'  W.  Preyer:  "Ueber  die  Bindung  nnd  Ausscheidnng  der  Blutkohlensaure  bei 
der  Lungen-TUid  Gewebeathmong/'  Sitzungsberiehte  der  kaiserl-Akademie  der 
H^i99en8ch40en,  Bd.  xlix.,  SitzungTom  8  Jaiiner. 

^  £.  Pfliiger :  ' '  Die  normalen  Gasmengen  des  arteriellen  Blates  nach  verbeeaerten 
Methoden,"  CentrcUblaU/wr  die  Mediciniachen  Wisaenaohaften^  1867,  No.  46. 
VOL.  XVI.  U 
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blood  contains  26*2  per  cent  of  carbonic  acid,  and  the  venous 
therefore,  in  which  5  to  6  per  cent  more  exists — ^almost  as  much 
as  the  venous  blood  of  the  sheep,  if  dependence  is  to  be  placed 
on  Prever's  analyses.  Pflliger  observed  in  one  case^  in  the 
venous  blood  of  the  sheep,  50*0  per  cent  of  carbonic  add,  and 
in  another  case  4018  per  cent  These  comparatively  few  data 
render  it  at  least  probable  that  the  blood  of  the  herbivora  is 
more  alkaline  than  that  of  the  camivora.  A  more  conclusive 
decision  can  only  be  obtained  by  such  experiments  as  those 
made  by  Zuntz  ^  in  Pflliger's  laboratory,  in  which  alkalimetric 
blood-filtrations  were  performed. 

Zuntz's  very  important  work  shows  the  difficulties  which 
such  analyses  present  on  account  of  the  great  variability  in 
the  alkalinity  of  fresh  blood.  His  results,  however,  afford  at 
least  very  valuable  indications  for  the  question  here  at  issue. 
Bogoljubow^  concluded  that  such  large  quantities  of  carbonio 
acid  as  he  had  obtained  in  his  first  three  experiments  must 
depend  on  an  energetic  formation  of  carbonic  acid  in  the  liver ; 
and  this  conclusion  of  his  is,  at  any  rate,  not  without  some 
foundation.  Zuntz  ^  found  that  100  ccm.  of  fresh  unaltered — 
that  is,  living,  pig*s  blood,  by  virtue  of  its  alkalinity,  could  fix 
105  ccm.  of  carbonic  acid  (at  0""  C.  and  1  m.)  in  the  form  of 
bicarbonate.  In  the  living  blood  of  the  dog  the  values  were 
90  and  93  volumes  per  cent 

If  we  now  take  into  consideration  the  extremely  slow 
secretion-stream  in  the  liver  cells,  and  their  probably  not 
insignificant  carbonio  acid  separation,  we  may  fairly  suppose 
that  the  alkaline  oombinations  diffused  from  the  blood  into  the 
liver  cells  find  time  and  opportunity  to  bring  away  with  them 
large  quantities  of  carbonic  acid,  probably  after  effecting  its 
separation,  so  as  thus  to  occasion  the  large  proportion  of  car* 
bonic  acid  noted  in  the  freshly  formed  secretion.^ 

^  E.  Pflliger:  **  Ueber  die  Kohlensame  dee  Blates,"  Bonn,  1864,  p.  7  a.f. 

*  K.  Zuntz,  *'Beitrage  zar  Physiologie  des  Blntes^"  InaugunMiaBirtationy 
Bonn,  1868. 

'  Bogoljubow,  loe.  cU.  p.  659. 

*  N.  Zuntz,  loe,  cU.  p.  4. 

"  It  is  perhaps  possible  that  some  of  the  carbonic  add  excreted  by  the  liyer  has 
been  formed  by  the  metamorphosis  of  albumen.  Thus,  a  molecule  of  albumen 
might  be  supposed  to  combine  with   60  molecules  of  water  and  to  spUt  up 
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From  what  has  been  said,  it  may  be  inferred  that  the  experi- 
mental data  for  an  investigation  of  the  supposed  seats  of 
secretion-formation  have  yet  to  be  found  here.  I  must,  how- 
ever, restrict  myself  to  these  general  remarks. 

I  cannot  conclude  without  gratefully  acknowledging  the 
friendly  guidance  of  Professor  Pfliiger,  director  of  the  Phy- 
siological Institute,  Bonn ;  and  at  the  same  time  I  have  to  thank 
Dr.  W.  Kochs,  Physiological  Assis  ant,  for  bis  valuable  aid. 

in  the  liver  into  8  molecales  of  urea,  7  of  glycogen,  5  of  carbonic  acid,  7  of 
free  oxygen,  and  1  of  sulphuric  acid.  The  oxygen  of  course  would  not  remain 
free,  but  might  at  once  euter  into  other  combiuati  nv  or  even  into  the  coloured 
corpuscles  of  the  blood. 
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THE  DEVELOPMENT  OF  THE  MAMMARY  GLAND. 

By  G.  Rein. 

{Proceedings  International  Medical  Congress,  188L) 

The  following  six  stages  are  to  be  distinguislied  in  the  development 
of  the  mammary  gland  : — 

L  Tuhercidar  Stage. — A  little  mass  of  epithelial  cells,  originating  in 
a  localised  overgrowth  of  the  cylinder-cells  of  the  epidermis. 

2.  Lenticular  Stage, — The  under  surface  of  the  epithelial  mass  becomes 
convex,  and  penetrates  into  the  cutis.  The  round  embryonal  elements 
of  the  latter  are  at  this  point  collected  in  larger  numbers,  and  form  a 
zone  from  which  the  tissue  of  the  nipple  is  subsequently  developed 
(nipple-zone). 

3.  Conical  Stage, — This  results  from  the  second  stage  by  a  further 
penetration  of  the  epithelial  elements  into  the  cutis,  with  gradual 
flattening  above,  and  simultaneous  increase  in  height  of  the  epithelial 
deposit. 

4.  Cluh-skaped  Stage, — The  epithelial  deposit  continues  to  grow  and  S 
to  make  its  way  into  the  cutis  in  this  stage.     The  deposit  becomes  so 
shaped  that  two  parts  can  be  distinguished,  viz.,  a  deeper  globular  part 
(body)  and  a  superficial  narrow,  more  or  less  elongated,  part  (neck). 

5.  Formation  of  Buds. — The  buds  appear  in  the  epithelial  deposit  at 
first  as  little  elevations,  which  are  rapidly  converted  into  long, 
originally  solid  plugs  (secondary  epithelial  deposit).  These  plugs  are 
the  rudiments  of  the  future  epithelial  constituents  of  the  gland  :  sinus 
lactei,  ductus  lactiferi,  and  acini.  In  the  cutis,  beneath  the  nipple- 
zone,  there  becomes  differentiated  a  new  zone  of  younger,  rounded, 
closely-packed  connective  tissue  cells;  from  these  is  developed  the 
stroma  of  the  gland  (stromarzone). 

6.  Degeneration  of  the  Primary ;  Epithelial  Deposit  further  Devdop- 
ment  of  the  Secondary. — The  retrogressive  metamorphosis  of  the  central 
cells  of  the  primary  epithelial  deposit  proceeds  rapidly  in  this  stage,  and 
in  many  animals,  as  well  as  in  man,  assumes  the  character  of  a  coraifica- 
tion.  The  comification  spreads  from  above  and  the  centre  downwards 
and  to  the  periphery.  As  a  result  of  these  processes  a  shrinking  of 
the  primary  epithelial  deposit  takes  place,  leading  to  its  complete  dis- 
appearance, which,  however,  is  observed  only  in  the  course  of  extra- 
uterine life,  and  even  then  usually  very  late.  Other  constituents  of 
the  rudimentary  gland — the  epithelial  plugs,  nipple-zone,  and  stroma 
zone — ^become  further  developed  in  the  sixth  stage.  The  originally 
solid  epithelial  plugs  become  hollowed  and  converted  into  tubes ;  they 
give  off  tolerably  numerous  club-ahaped  buds  at  their  ends.  The 
acini  only  appear,  as  is  already  known,  later,  at  the  time  of  puberty. 
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NOTE  ON  ABNORMAL  DISTKIBUTION  OF  THE  THORACIC 
DUCT.  By  J.  Macdonald  Brown,  M.B.,  lately  Detnonstrator 
of  Anatomy  in  the  Owens  Cdlegty  Manchester, 

Although  in  the  vast  majority  of  cases,  the  thoracic  duct  holds 
practically  identical  relations,  and  terminates  by  opening  into  the  left 
cervico-brachial  veins,  yet  we  occasionally  find  that  it  possesses  an 
abnormal  distribution.  Cruickshank^  describes  a  case  where  the 
duct  was  double  in  its  entire  extent,  so  that  in  this  instance  there 
was  a  right  and  a  left  thoracic  duct  each  receiving  the  lymphatics  of  its 
own  side.     The  same  anatomist  found  it  once  to  be  triple  or  nearly  so. 

The  most  common  deviation  from  the  normal,  however,  is  when 
it  terminates  in  the  right  veins  instead  of  the  left.  Cruickshank, 
Meckel,*  Fyfe,*  Eleischmann,^  Todd,^  Allen  Thomson,*  and  Morrison 
Watson^  have  recorded  cases  very  similar  to  the  one  which  came 
under  my  notice  in  the  Anatomical  Rooms  of  the  Owens  College 
daring  the  past  session,  and  of  which  this  is  a  brief  notice. 

These  have  been  divided  by  Watson  into  two  classes,  viz.,  those 
accompanied  by  vascular  peculiarities,  and  those  in  which  the  vessels 
were  normal.  The  cases  of  Todd  and  Allen  Thomson  belong  to  the 
former  class,  the  others  to  the' latter.  Mv  own  case  was  that  of  a 
female  subject,  in  which  the  condition  of  the  right  cervico-brachial 
arteries  was  considerably  modified.  There  was  no  innominate  artery, 
but  the  right  common  carotid  occupied  its  relations,  the  latter  trunk 
being  otherwise  as  on  the  left  side.  The  right  subclavian  came  off 
from  the  posterior  aspect  of  the  second  part  of  the  aortic  arch,  and 
passed  upwards  to  the  right  side  of  the  neck,  lying  behind  the  arch, 
trachea,  and  oesophagus.  It  was  crossed  by  the  thoracic  duct,  right 
vagus,  and  some  cardiac  nerves,  and  after  it  had  emerged  from  behind 
the  oesophagus,  the  right  innominate  vein  lay  in  front  of  it,  in  the 
remainder  of  its  intra-thoracic  extent. 

A  similar  distribution  of  the  right  subclavian  artery  has  been  noted 
by  Turner,  Hyrtl,  Thomson,  Henle,  Spence,  Struthers,  &c. 

Thoracic  Duct — There  was  no  dilatation  at  its  commencement  as 
described  by  Pecquet,  but  it  took  its  origin  in  a  fine  plexus-  of 
lymphatics  opposite  the  first  and  second  lumbar  vertebrae,  and  in 
front  of  the  column.  The  duct  passed  through  the  aortic  opening  of 
the  diaphragm,  and  had  the  ordinary  relations  as  high  as  the  third 
dorsal  vertebra,  except  that  it  was  rather  nearer  the  thoracic  aorta 
than  usual,  in  fact  just  over  the  origins  of  the  right  intercostal 
arteries.  Opposite  the  3d  dorsal  vertebra  it  inclined  towards  the 
right  side,  and  passed  into  the  right  neck.  It  lay  behind  the  superior 
vena  cava,  and  right  innominate  vein,  and  rested  successively  upon 
the  vertebral  column,  longU3  colli  muscle,  subclavian  artery,  vertebral 

^  Anatomy  ofVbB  Ahaorbing  Vessels,  *  Diss,  Epist,  ad  Halter. 

*  Compendium  of  Anatomy f  *  LeicherJijfnuiigen. 

>  Todd^s  Cyc  Anal,  Phys,  vol.  iii.  *  Quain^s  AncU,  vol.  i.  8tli  ed, 
7  Joum,  AnaL  and  Fhys.  voL  vi 
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vein^  scalenus  anticus  muscle,  and  phrenic  nerve.  It  passed  up  into 
the  neck  as  high  as  the  6th  cervical  vertebra,  then  curving  down- 
wards and  outwards  it  opened  into  the  right  subclavian  vein  about 
six  lines  external  to  its  junction  with  the  internal  jugular.  Its  intrar 
thoracic  portion  received  three  branches  from  the  left  thorax,  joining 
it  opposite  the  10th,  11th,  and  12th  dorsal  vertebrsB  respectively. 
The  right  lymphatic  duct  had  its  normal  position,  and  opened  inde- 
pendeidly  into  the  retrocession  of  the  veins.  Upon  the  left  side  the 
lymphatic  duct  was  present,  and  had  similar  relations  and  proportions 
to  those  which  in  normal  conditions  are  to  be  found  on  the  right  side. 
This  presents  a  marked  difference  from  the  cases  described  by  Fyfe 
and  Watson,  in  which  no  left  lymphatic  duct  was  found ;  while  it 
agrees  with  the  statement  made  by  Cruickshank,  that  when  the 
thoracic  duct  opens  into  the  right  veins,  'Hhen  the  trunk  of  the 
absorbents  on  the  left  side  in  every  respect  resembles  the  ordinary 
appearance  of  that  of  the  right  side." 

In  none  of  the  cases  previously  cited  is  the  right  lymphatic  duct 
described  as  opening  separately  into  the  venous  channel  as  above. 
The  arterial  peculiarity  found  by  Allen  Thomson  was  that  of  a  right 
aortic  arch,  while  in  Todd's  case,  there  existed  a  vascular  condition 
similar  to  the  one  which  I  have  described. 


TKANSPOSITION  OF  AORTA  AND  PULMONARY  ARTERY. 
By  J.  Halliday  Soott,  M.D.,  Professor  of  Anatomy ^  University 
of  Otago. 

Thb  child  from  which  this  heart  was  taken  was  born  alive,  and 
presented  no  peculiarities  on  external  examination. 

The  heart  was  of  normal  size.  The  shape  was  also  normal,  with 
the  exception  that  the  apex  was  formed  by  the  right  ventricle.  The 
venae  cavee  and  pulmonary  veins  opened  in  the  normal  manner  into 
the  right  and  left  auricles  respectively.  The  aorta  and  pulmonary 
artery,  however,  presented  the  unusual  abnormality  of  arising  from 
the  wrong  ventricles,  the  aorta  springing  from  the  right  and  the 
pulmonary  artery  from  the  left  The  origin  of  the  aorta  thus  lay 
in  front  and  to  the  right  of  the  pulmonary  artery,  and  the  left 
coronary  artery  passed  in  front  of  it.  The  ductus  arteriosus  was 
widely  open.  In  other  respects  these  vessels  were  normal,  the  aorta 
gave  off  its  branches  in  the  usual  manner,  and  had  a  normal  left- 
sided  arch.  The  pulmonary  artery  divided  as  usual  into  two  branches, 
one  for  the  right  and  one  for  the  left  lung. 

On  examining  the  interior  of  the  heart,  the  foramen  ovale  was  found 
to  be  open  to  the  extent  of  one- fourth  of  an  inch  at  its  anterior  and 
upper  part  There  also  existed  a  deficiency  in  the  interventricular 
wall,  rounded  in  form  and  about  three  lines  across.  It  was  sur- 
rounded by  muscular  fibre,  and  was  situated  about  one-third  of  an 
inch  below  the  right  auriculo-ventricular  opening,  towards  the  back 
part  of  the  septum. 


>- 
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METASTATIC  EXCRETION  OF  URINE.  By  Chaelbs  A. 
Cambbon,  M.D.,  Fellow  and  Professor  of  Chemistry  and  Hygiene^ 
Moyal  College  of  Surgeons,  Ireland, 

Da  A.  O.  Speedt  has  at  present  under  his  care  a  young  woman 
affected  with  hysteria  and  occasionally  suffering  from  retention  of 
urine.  On  several  occasions  a  liquid  was  discharged  from  her  breasts. 
On  examining  a  specimen  of  this  liquid,  I  obtained  the  following 
results: — Specific  gravity,  1012;  colour,  pale  yellowish-brown ;  reac- 
tion, faintly  acid  ;  urea,  2*1  per  cent. ;  sodium  chloride,  0*43  percent 
No  fat  or  sugar  was  present,  but  the  fluid  contained  a  small  quantity 
of  albumin ;  the  liquid  had  a  faint  urinous  odour. 


RESEARCHES   ON    THE    MINUTE    STRUCTURE   OF   THE 
SPINAL  CORD.     By  Dr.  Giambatfista  Laura,  Turin. 

{Proe.  International  Medical  Congress,  1881.) 

1.  Many  of  the  cells  of  the  anterior  comu  send  their  processes  to  the 
anterior  nerve-foots ;  in  the  cervical  region  to  the  roots  of  the  accessory 
nerve. 

2.  The  anterior  commissure  receives  fibres  from  the  cells  (a)  of  the 
various  points  of  the  anterior  comu,  (b)  of  the  various  points  of  the 
posterior  comu. 

3.  The  ceUs  of  Clarke's  column  are  provided  with  processes  which  are 
directed  at  first  inwards  towards  the  central  canal,  but  after  a  certain 
course  they  turn  outwards  in  a  very  large  fasciculus,  which  passes 
through  the  anterior  coriiu  to  the  lateral  white  column.  The  group  of 
cells,  which  in  the  conus  medullaris  occupies  the  position  of  Clarke's 
column,  is  not  to  be  considered  as  its  continuation,  since  its  cells  send 
their  processes  in  a  different  direction,  viss.,  outwards  and  forwards,  to 
the  anterior  roots. 

4.  The  white  lateral  column  receives  processes  from  the  cells  of  many 
regions  of  the  anterior  and  posterior  comna. 

5.  The  cells  of  the  posterior  comua  are  provided  with  processes,  the 
direction  of  which  presents  a  great  variety.  The  following  are  note- 
worthy:— (a)  cells  sending  processes  forwards  through  the  anterior 
cornu  to  the  proximity  of  the  anterior  roots  ;  (b)  cells  sending  processes 
into  the  posterior  white  column ;  (c)  cells  sending  processes  across  the 
middle  Ime,  and  behind  the  central  canal,  to  the  opposite  side  of  the 
medulla. 


ON  THE  SITUATION  OF  THE  STOMACH,  AND  THE 
RELATION  WHICH  EXISTS  BETWEEN  ITS  FORM 
AND  ITS  FUNCTIONS.    By  Dr.  Lbsshaft,  St.  Petersburg. 

(Proe.  International  Medical  Congress,  1881.) 

Thb  results  of  the  examination  of  1200  subjects  may  be  embodied  in 
the  following  propositions : — 
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1.  The  stomach  is  placed  vertically  in  the  abdominal  cavity,  so  that 
its  fundus  touches  the  diaphragm ;  its  pyloric  extremity  is  to  the  right; 
the  lesser  curvature  is  also  to  the  right,  with  the  upper  part  slightly 
inclined  downwards  ;  the  great  curvature  is  to  the  left. 

2.  The  stomach  is  in  the  left  hypochondriac  region,  and  exclusively 
in  the  gastric  region  proper.  The  pylorus  corresponds  to  a  line  drawn 
vertically  downwards  from  the  right  border  of  the  sternum. 

3.  The  stomach,  in  consequence  of  its  intimate  relation,  with  the 
neighbouring  organs,  cannot  dilate  by  the  displacement  of  one  of  its 
parts  (the  great  curvature,  for  example) ;  it  can  only  bectae  equally 
distended  in  all  its  parts  in  proportion  to  the  accumulation  of  its 
contents. 

4.  The  muscular  coat  of  the  stomach  is  made  up  of  longitudinal, 
transverse,  and  oblique  fibi-es.  The  longitudinal  i^bres  are  directed 
from  the  fundus  towards  the  pylorus,  and  the  circular  fibres  become 
thicker  as  they  approach  the  latter  ;  they  are  especially  noticeable  in 
the  neighbourhood  of  the  pylorus,  where  they  form  a  true  sphincter.  It 
follows  that  the  food-stuffs  move  in  relation  with  the  walls  towards 
the  pylorus,  and  this  permits  of  a  very  advantageous  admixture  with 
the  gastric  juice.  Then  the  contents  return  through  the  middle  of  the 
stomach  towards  the  fundus,  as  there  is  here  less  resistance,'  on  account 
of  its  larger  size. 

5.  The  peripheral  movement  of  the  contents  of  the  stomach  from 
the  fundus  towards  the  pylorus,  and  the  central  movement  in  the 
opposite  direction,  can  only  take  place  in  consequence  of  the  special 
shape  of  the  stomach.  The  absence  of  the  fundus  in  a  new-bom  child, 
and  its  after  development,  can  be  accounted  for  by  taking  into,  con- 
sideration the  influence  of  the  returning  middle  column  of  digesting 
food  upon  the  walls  of  the  stomach.  With  regard  to  the  lengthened 
stay  of  the  food  in  the  stomach,  and  the  slowness  of  its  after  passage 
through  the  small  intestines,  it  can  be  explained  partly  by  the  shape 
of  the  stomach  and  partly  by  the  disposition  of  its  muscular  fibres. 

6.  In  consequence  of  the  accumulation  of  gas  in  the  transverse 
colon,  this  rises  in  the  shape  of  an  arch,  and  is  directed  towards  the 
left  of  the  stomach,  reaching  to  the  level  of  the  fourth  intercostal  space, 
and  sometimes  even  to  the  fourth  rib.  If  tbe  gajseous  accumulation 
takes  place  in  the  small  intestine,  this  becomes  displaced  in  the  same 

k  way,  and  rises  behind  the  transverse  colon;  the  lower  part  of  the 

stomach  thus  becomes  slightly  displaced  anteriorly,  and  its  direction 
is  more  oblique,  from  above  downwsurds,  and  behind  forwards. 

7.  A  large  stomach,  accustomed  to  a  generous  food  supply,  always 
retains  its  vertical  position,  and  it  is  only  the  pyloric  extremity  which 
is  directed  upwards  and  to  the  right. 

8.  The  spleen  is  normally  placed  behind  the  upper  part  of  the  large 
curvature  of  the  stomach;  its  direction  corresponds  to  the  tenth  rib  on 
the  left  side,  or  to  the  ninth  intercostal  space,  flx>m  the  point  where 
this  space  is  crossed  by  the  axiUary  line.  By  its  upper  border  it 
almost  reaches  the  left  side  of  the  bodies  of  the  vertebrae. 
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1.  The  Btomacli  is  placed  vertically  in  the  abdominal  cavity,  so  that 
its  fundus  touches  the  diaphragm ;  its  pyloric  extremity  is  to  the  right; 
the  lesser  curvature  is  also  to  the  right,  with  the  upper  part  slightly 
inclined  downwards  ;  the  great  curvature  is  to  the  left. 

2.  The  stomach  is  in  the  left  hypochondriac  region,  and  exclusively 
in  the  gastric  region  proper.  The  pylorus  corresponds  to  a  line  drawn 
vertically  downwards  from  the  right  border  of  the  sternum. 

3.  The  stomach,  in  consequence  of  its  intimate  relation  with  the 
neighbouring  organs,  cannot  dilate  by  the  displacement  of  one  of  its 
parts  (the  great  curvature,  for  example) ;  it  can  only  becctae  equally 
distended  in  all  its  parts  in  proportion  to  the  accumulation  of  its 
contents. 

4.  The  muscular  coat  of  the  stomach  is  made  up  of  longitudinal, 
transverse,  and  oblique  fibi'es.  The  longitudinal  £bres  are  directed 
from  the  fundus  towards  the  pylorus,  and  the  circular  fibres  become 
thicker  as  they  approach  the  latter ;  they  are  especially  noticeable  in 
the  neighbourhood  of  the  pylorus,  where  they  form  a  true  sphincter.  It 
follows  that  the  food-stuffs  move  in  relation  with  the  walls  towards 
the  pylorus,  and  this  permits  of  a  very  advantageous  admixture  with 
the  gastric  juice.  Then  the  contents  return  through  the  middle  of  the 
stomach  towards  the  fundus,  as  there  is  here  less  resistance,'  on  account 
of  its  larger  size. 

5.  The  peripheral  movement  of  the  contents  of  the  stomach  from 
the  fundus  towards  the  pylorus,  and  the  central  movement  in  the 
opposite  direction,  can  only  take  place  in  consequence  of  the  special 
shape  of  the  stomach.  The  absence  of  the  fundus  in  a  new-bom  child, 
and  its  after  development,  can  be  accounted  for  by  taking  into,  con- 
sideration the  influence  of  the  returning  middle  column  of  digesting 
food  upon  the  walls  of  the  stomach.  With  regard  to  the  lengthened 
stay  of  the  food  in  the  stomach,  and  the  slowness  of  its  after  passage 
through  the  small  intestines,  it  can  be  explained  partly  by  the  shape 
of  the  stomach  and  partly  by  the  disposition  of  its  muscular  fibres. 

6.  In  consequence  of  the  accumulation  of  gas  in  the  transverse 
colon,  this  rises  in  the  shape  of  an  arch,  and  is  directed  towards  the 
left  of  the  stomach,  reaching  to  the  level  of  the  fourth  intercostal  space, 
and  sometimes  even  to  the  fourth  rib.  If  the  gaseous  accumulation 
takes  place  in  the  small  intestine,  this  becomes  displaced  in  the  same 

k  way,  and  rises  behind  the  transverse  colon;  the  lower  part  of  the 

stomach  thus  becomes  slightly  displaced  anteriorly,  and  its  direction 
is  more  obliqne,  from  above  downwards,  and  behind  forwards. 

7.  A  large  stomach,  accustomed  to  a  generous  food  supply,  always 
i^tains  its  vertical  position,  and  it  is  only  the  pyloric  extremity  which 
is  directed  upwards  and  to  the  right 

8.  The  spleen  is  normally  placed  behind  the  upper  part  of  the  large 
curvature  of  the  stomach;  its  direction  corresponds  to  the  tenth  rib  on 
the  left  side,  or  to  the  ninth  intercostal  space,  fix)m  the  point  where 
this  space  is  crossed  by  the  axUlary  liue.  By  its  upper  border  it 
almost  reaches  the  left  side  of  the  bodies  of  the  vertebras. 
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THE  SEGMENTAL  VALUE  OF  THE  CEANTAL  NERVES. 
By  A.  MiLNES  Marshall,  M.A.,  D.Sc,  Fellow  of  St.  John's 
College,  Canibridge,  Professor  of  Zoology  in  (hvens  College. 
(Plate  X.) 

Whether  the  nerves  arising  from  the  brain  are  directly  compar* 
able  to  those  taking  their  origin  from  the  spinal  cord,  and,  if  so, 
to  how  many  pairs  of  the  more  symmetrically  arranged  spinal 
nerves  the  cranial  ones  are  equivalent,  are  questions  which  havo 
attracted  the  attention  and  exercised  the  ingenuity  of  many  of 
the  greatest  anatomists,  and  ones  which  have  been  answered  in 
the  most  varied  senses  by  the  different  writers  who  have  at- 
tempted to  grapple  with  their  difficulties.  So  long  as  the 
problems  were  attacked  from  the  morphological  side  alone,  as 
was  the  case  with  all  the  earlier  attempts  to  solve  them,  the 
answers  obtained  were  vague,  inconclusive,  and  mutually  contra- 
dictory ;  but  since  the  clear  light  of  embryology  has  been 
directed  upon  them  the  clouds  of  uncertainty  have  been  to  a 
very  considerable  extent  dispersed,  and  there  is  now,  especially 
amongst  those  who  have  most  recently  dealt  with  these  ques- 
tions, a  very  considerable  and  satisfactory  agreement  as  to  the 
main  outlines  of  the  answers  to  be  given,  although  in  many  points 
of  detail  there  is  still  much  discrepancy  between  the  several 
accounts. 

The  present  paper  is  an  attempt  to  set  forth  the  actual  position 
of  these  problems,  and  the  leading  phases  through  which  they 
have  passed  in  their  gradual  maturation.  In  preparing  it  I  have 
made  use  of  the  investigations  of  others,  so  far  as  known  to  me, 
as  well  as  of  my  own  published  in  this  Jotcmal  and  elsewhere.^ 

^  A  list  of  the  works  consulted  is  given  at  the  end  of  this  paper. 
VOIv  XVL  X 
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Historical  Sketch. — The  older  writers  relied  exclusively  on 
anatomical  evidence  in  dealing  with  the  problems  before  us,  and 
their  determinations  were  rather  of  the  nature  of  guesses  than 
logical  endeavours  to  grapple  seriously  with  the  diflBculties 
encountered.  Moreover,  in  the  great  majority  of  cases  their 
judgment  was  influenced  in  a  very  prejudicial  manner  by  pre- 
conceived ideas  on  the  morphological  constitution  of  the  skull. 

Inasmuch  as  these  older  theories  are  all  based  on  the  same 
arguments,  and  differ  from  one  another  only  in  points  of  minor 
importance,  it  will  be  sufficient  to  take  one  of  them  and  examine 
it  critically.  For  this  purpose  I  select  the  theory  advanced  by 
Stieda^  the  most  recent,  indeed  the  only  recent,  advocate  of  the 
views  in  question. 

Stieda,^  in  attempting  to  solve  the  problem  of  the  segmental 
value  of  the  cranial  nerves,  commences  by  stating  that  as  he 
accepts  Oken's  theoiy  that  the  skull  consists  of  three  vertebrae, 
the  number  of  pairs  of  segmental  cranial  nerves  must  necessarily 
be  two ;  viz.,  a  pair  leaving  the  skull  between  the  first  and  second 
skull-vertebrse  on  either  side,  and  a  pair  emerging  between  the 
second  and  third  skull- vertebrae,  the  nerves  passing  out  between 
the  skull  and  the  first  cervical  vertebra  being  universally  con- 
sidered, when  present,  the  first  pair  of  sptnal  nerv^. 

Having  in  this  very  summary  manner  determined  the  number 
of  segmental  cranial  nerves,  Stieda  proceeds  to  divide  the  nerves 
actually  present  into  two  groups  in  accordance  with  this  deter- 
mination. He  first  rejects  the  nerves  of  special  sensation,  i«., 
the  olfactory,  optic,  and  auditory,  on  the  ground  that  embrydogy 
du3W9  fhem  to  be  really  parts  of  the  brain,  and  therefore  not  directly 
comparahk  with  the  other  nervee. 

Concerning  the  remaining  nine  pairs  of  nerves  still  left  for 
consideration,  he  holds  that  the  most  reliable  evidence  is  afforded 
by  the  &ct  that  in  certain  groups  of  animals  some  of  these  nerves 
do  not  arise  independently  from  the  brain,  bvi  are  represented  by 
branches  of  other  nerves, 

Beasoning  from  these  data,  Stieda  comes  to  the  conclusion 
that  the  component  factors  of  his  first  cranial  segmental  nerve 

'  Stieda,  Studien  Hber  dea  cetUraU  Nerventystem  dtr  WirheUhiere^  Leipzig, 
1870.  SeparcU-Abdruek  aua  der  ZeiUchr\ft  fUr  vriuenaehaftHehe  Zoologie,  Bd. 
xz.  p.  166,  mq. 
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are  the  third  or  oculomotor,  the  fourth  or  trochlear,  the  fifth  or 
trigeminal,  the  sixth  or  abducent,  and  the  seventh  or  facial 
nerves ;  and  that  of  these  the  third,  fourth,  sixth,  and  seventh 
nerves,  and  the  motor  root  of  the  fifth  together  represent  the 
anterior  or  motor  root,  while  the  sensory  portion  of  the  fifth 
nerve  is  the  representative  of  the  posterior  or  sensory  root. 
In  support  of  these  conclusions  he  adduces  the  following 
arguments : — 

1.  That  the  three  eye-muscle  nerves  and  the  facial  nerve  may 
sometimes  be  replaced  by  branches  of  the  trigeminal,^  and  there* 
fore  may  be  considered  as  belonging  primarily  to  that  nerve. 

2.  That  the  three  eye-muscle  nerves,  the  facial  nerve,  and  the 
portio  minor  of  the  trigeminal  behave  with  reference  to  their 
origin  from  the  brain  like  the  anterior  roots  of  the  spinal  nerves ; 
the  portio  major  of  the  trigeminal,  on  the  contrary,  like  a 
posterior  root :  meaning  by  this,  the  relations  of  the  nerves  in 
question  to  the  nuclei  of  origin  within  the  substance  of  the 
brain. 

The  second  or  posterior  cranial  segmental  nerve  he  considers 
to  be  made  up  of  the  ninth  or  glosso-pharyngeal,  the  tenth  or  vagus, 
the  anterior  roots  of  the  eleventh  or  spinal  accessory,  and  the 
twelfth  or  hypoglossal  nerves;  the  ninth,  tenth,  and  anterior 
roots  of  the  eleventh  pair  making  up  the  posterior  root,  and  the 
twelfth  nerve  representing  the  anterior  or  motor  root,  the  main 
grounds  of  determination  being  the  same  as  those  relied  on  in 
the  case  of  the  supposed  first  nerve. 

I  have  quoted  Stieda  at  some  length  mainly  in  order  to  direct 
attention  to  the  nature  of  the  evidence  on  which  he  attempts  to 
solve  the  question.  The  main  points  on  which  he  relies  are 
contained  in  the  passages  I  have  italicised  above,  viz.,  (1)  that  the 
nerves  of  special  sense  are  contrasted  toith  the  other  cranial  nerves  cls 
being,  properly  speaJdng,  parts  of  the  brain  and  not  nerves  vn  the 
strict  sense  of  the  word  ;  and  (2)  that  in  certain  groups  of  animals 
one  or  more  of  the  cranial  nerves  may  lose  their  rnore  usual  vnde- 
penderU  diarader^  and  appear  as,  or  be  replaced  by,  brancfies  of 
some  other  nerve  ;  and  further,  that  this  is  to  be  taken  as  indicating 
thai  the  nerves  in  question  were  originally  branches  of  this  other 

1  All  the  cases  in  which  this  replacement  is  alleged  to  occur  will  be 
later  on  in  this  paper. 
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Tierve,  and  thai  their  independent  origin  from  the  brain,  when  it 
does  occur,  i$  a  secondarily  a^^ired- feature. 

Now,  these  two  points  are  of  primary  importance,  forming,  as 
is  at  once  seen,  the  whole  basis  of  Stieda's  argument,  and  in  re- 
lying on  them  he  is  very  far  from  standing  alone.  Indeed,  until 
some  five  or  six  years  ago  their  correctness  has  been  assumed, 
either  tacitly  or  explicitly,  by  the  great  majority  of  those  who 
have  dealt  with  the  question,  including  some  of  the  most  eminent 
anatomists  of  the  time,  such  as  J.  Miiller,^  Arnold,^  Langer,' 
Qegenbaur,^  and,  though  in  a  somewhat  less  positive  manner, 
Huxley.^  I  direct  attention  to  this  at  once,  because  we  shall 
find  further  on  that  there  are  very  strong  reasons  for  holding 
that  neither  of  the  points  in  question  is  really  correct  I  have 
taken  Stieda  as  the  most  recent  representative  of  a  school  to 
which  C.  v.  Carus,  Arnold,  Buchner,  J.  Miiller,  Langer,®  and 
many  other  prominent  anatomists  belonged,  a  school  which 
attacked  the  problem  of  the  segmental  value  of  the  cranial 
nerves  by  first  determining  perfectly  independently  the  number 
of  segments  or  skull-vertebrae  in  the  head,  a  determination  made 
^as  a  rule  on  very  insufiScient  and  often  purely  fanciful  grounds, 
and  having  thus  decided  the  number  of  segments,  and  therefore 
of  segmental  nerves,  proceeding  to  apportion  the  several  nerves 
to  these  segments,  usually  in  a  very  arbitrary  manner.  The 
writers  named  above  differ,  indeed,  in  the  number  of  head-seg- 
ments  they  respectively  adopt,  but  agree  in  the  principle  on 
which  they  work,  viz.,  determining  the  numier  of  segmental  nerves 
from  that  of  the  supposed  segments  or  vertebrce  composing  the  skidL 

Stannius  was  the  first  to  deal  with  the  question  in  a  more 
philosophical  spirit,  and  to  attempt  to  determine  the  number  of 
segmental  nerves  by  a  direct  study  of  the  nerves  themselvea 


1  Joh.  Miiller,  H<mdXmck  der  Physiologic  dea  Merisehen,  1844,  p.  681. 

*  Arnold,  ffandbtteh  der  Jnatomie  dea  Menachen,  1861,  Bd.  ii  pp.  880^84. 

*  Langer,  Lehrbuch  der  Aiiatomie  dea  Menachen,  1865,  p.  429. 

^  Gegenbaur,  "tjber  die  Kopfnerven  von  Hexanchus,*'  Jenaiacht  Zeitaehrifl, 
Bd.  vi.  1871,  pp.  648-561. 

*  Hnadey,  The  Anatomy  of  VerUbrated  Animala^  1871,  pp.  71-74. 

*  An  excellent  summary  of  the  views  of  these  and  other  writers  on  the  segmental 
value  of  the  cranial  nerves  will  be  found  in  Stieda's  paper  already  quoted.  They 
all  agree  in  principle  with  the  account  given  above,  the  differences  being  merely 
in  points  of  detail. 
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The  resalts  of  his  investigations  ^  are  contained  in  his  invaluable 
treatise  on  the  Peripheral  Nervous  System  of  Fishes  published  in 
1849.  He  leaves  the  three  nerves  of  special  sense  out  of  con* 
sideration  for  the  same  reason  as  Stieda  and  the  other  anatcmists 
we  have  mentioned,  i.e,  that  they  are  rather  parts  of  the  brain 
than  true  nerves.  He  also  omits  the  eye-muscle  nerves,  re« 
marking  that  any  attempt  to  homologise  them  with  spinal 
nerves  '*  encounters  insuperable  difficulties  on  account  of  their 
peculiar  origin,  their  absence  of  ganglia,  and  their  exclusive 
distribution  to  the  muscles^of  a  sensory  apparatus,  which  are  in  no 
way  comparable  with  the  muscles  of  the  vertebrse."  The  re- 
maining nerves,  however,  Stannius  deals  with  in  a  very  complete 
and  masterly  manner.  He  considers  that  the  fifth,  seventh, 
ninth,  and  tenth  nerves  are  each  equivalent  to  a  spinal  nerve, 
and  compares  in  detail  both  the  roots  of  origin  and  the  branches 
of  these  nerves  with  those  of  the  spinal  nerves. 

Stannius  was  also  the  first  to  point  out  the  very  important 
relations  of  the  ventral  branches  of  these  segmental  cranial 
nerves  to  the  visceral  arches.  In  the  essay  quoted  above  he 
shows  how  each  visceral  arch  is  supplied  by  two  branches 
belonging  to  different  nerves,  one  running  along  its  anterior 
border,  and  one  along  the  posterior.  He  points  out  how  the 
first  branchial  arch  is  supplied  along  its  anterior  border  by  the 
glosso-pharyngeal  nerve,  and  along  its  posterior  by  the  vagus ; 
how  the  remaining  branchial  arches  are  supplied  by  the  vagus^ 
each  arch  by  branches  from  separate  stems ;  how  the  hyoid  arch 
is  supplied  in  front  by  the  hyoidean  branch  of  the  facial  nerve, 
and  behind  by  the  anterior  branch  of  the  glosso-pharyngeal ;  how 
the  mandibular  arch  has  the  mandibular  branch  of  the  trigeminal 
nerve  along  its  anterior  border,  and  along  its  posterior  the 
anterior  branch  of  the  facial,  which  he  identifies  as  the  chorda 
tynipani  of  Aves  and  Mammalia ;  and  finally,  how  the  upper  jaw 
is  supplied  by  the  ophthalmic  and  maxillary  divisions  of  the  fifth 
nerve. 

He  concludes  this  portion  of  his  treatise  with  the  following 
very  suggestive  sentence  : — "  Hence  it  follows  that  the  number 
of  the  ventral  branches  of  each  cranial  nerve,  and  the  number  of 

^  Stannius,  Daa  peripheriache  NervenayaUm  der  Fiache,   Rostock,   1849,  pfw 
125-181. 
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the  spinal-like  (segmental)  cranial  nerves  is  not  determined  so 
much  hy  the  number  of  the  skull-vertebr®  as  hj  that  of  the 
visceral  arches,"  ^ 

In  thus  stating  that  the  number  of  segmental  cranial  nerves 
was  no  longer  to  be  determined  by  preconceived  ideas  concerning 
the  composition  of  the  skull,  but  by  direct  examination  of  the 
nerves  themselves,  Stannius  rendered  an  invaluable  service  to 
morphology.  Had  he,  indeed,  gone  one  step  further ;  had  he 
been  able  to  completely  disabuse  his  mind  of  this  notion  of 
skull-vertebree  which  was  exercising  so  pernicious  an  influence 
on  the  zoologists  of  the  day,  he  would  have  anticipated  by  more 
than  twenty  years  Gegenbaur's  announcement '  of  that  theory  of 
the  vertebrate  skull  which  has  since,  with  some  slight  modifica* 
tions,  been  accepted  almost  universally. 

While  the  school  of  morphologists  we  first  dealt  with  deter- 
mined the  number  of  the  segmental  nerves  by  that  of  the  skull- 
segments,  Stannius  showed  conclusively  that  there  was  no 
relation  whatever  between  the  two,  but  that  there  was  a  very 
definite  and  remarkable  one  between  the  segmental  nerves  and 
the  visceral  arches.  Gegenbaur  went  a  step  further,  and,  starting 
with  the  segmental  nerves  and  visceral  arches,  determined  from 
them  the  number  of  head-segments,  thus  completely  reversing 
the  order  of  proceeding  of  the  older  school 

Gregenbaur  is  sometimes  credited  with  being  the  first  to 
establish  the  relations  of  the  cranial  nerves  to  the  visceral  arches, 
a  determination  which,  as  we  have  seen,  had  been  already  made 
by  Stannius.  The  often  quoted  table  of  the  cranial  nerves  given 
by  Gegenbaur,^  contains,  in  fact,  nothing  that  had  not  been 
already  pointed  out  by  Stannius,  except  an  attempt  to  rank  the 
labial  cartilages  as  visceral  arches,  an  attempt  which  has  not  met 
with  general  acceptance.  Gegenbaur's  real  merit  consisted  in 
pointing  out  that  the  ideal  number  of  skull-vertebrse,  as  deter- 
mined by  Oken  and  other  "  transcendental  anatomists,"  was  to 
be  left  out  of  consideration  altogether ;  that  the  evidence  offered 
by  the  cranial  nerves  and  visceral  arches  was  to  be  accepted  in 

^  stannius,  op.  cit.  p.  181. 

*  Gegenbaur,  **  Ueber  die  Eopfnerven  von  Uezanchus,"  JeTuzixhe  Zeitsehrift, 
1871. 
s  Gegenbaur,  loe,  cU,  p.  552. 
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fall,  and  was  to  be  taken  as  the  basis  for  determining  the  nomber 
of  segments  in  the  head ;  and  that  the  vagus  nerve  was,  from  the 
fact  of  its  supplying  more  than  one  visceral  cleft,  to  be  considered 
as  equivalent  to  more  than  one  segmental  nerve,  and  to  be 
regarded  as  formed  by  the  fusion  of  a  certain  number  of  primi- 
tively distinct  nerves. 

Thus  it  has  come  to  pass  that  the  cranial  nerves,  while  formerly 
considered  of  very  subordinate  importance,  are  now  recognised 
as  affording  a  very  valuable  and  reliable  clue  to  the  solution  of 
that  favourite  morphological  problem — ^the  segmentation  of  the 
vertebrate  head ;  and  Gegenbaur's  paper,  which  was  undoubtedly 
the  chief  means  by  which  the  cranial  nerves  were  rescued  from 
their  former  dependent  position,  must  be  viewed  as  marking  a 
most  important  era  in  their  history. 

Attention  being  thus  pointedly  directed  to  the  cranial  nerves, 
their  comparative  anatomy  and  embryology  quickly  engaged  the 
attention  of  zoologists ;  and  during  the  last  five  or  six  years  our 
knowledge  on  these  points  has  received  very  material  additions, 
additions  which  have,  on  the  whole,  tended  to  strongly  confirm 
Gegenbaur's  views,  while  causing  modification  of  them  in  many 
secondary  points. 

The  most  important  of  these  more  recent  contributions  is  un- 
doubtedly the  series  of  facts  brought  to  light  by  Balfour  concern- 
ing the  early  stages  of  development  of  the  spinal  and  cranial 
nerves  in  elasmobranch  fishes.  Balfour  showed  that,^  contrary 
to  the  generally  accepted  theory,  the  nerves  are  outgrowths  from 
the  cerebral  nervous  system,  and  therefore  of  epiblastic  origin, 
instead  of  being,  as  formerly  supposed,  structures  arising  in- 
dependently in  the  mesoblast  and  only  acquiring  a  secondary 
connection  with  the  brain  and  cord. 

In  the  case  of  the  spinal  nerves,  he  showed  that  the  two  roots, 
anterior  and  posterior,  arise  separately  and  independently ;  that 
the  posterior  roots  are  local  outgrowths  of  a  continuous  longitu- 
dinal band — ^the  neural  crest— which  grows  out  along  the  mid- 
dorsal  line  of  the  spinal  cord  (fig.  1).  By  lateral  growth  of  the 
dorsal  summit  of  the  cord  the  nerve  roots  of  the  two  sides,  which 

^  Balfour,  "  On  the  Development  of  the  Spinal  Nerves  in  Elaamobiftnch  Fishes/' 
PhiL  Trans,  vol.  dxvi  pt.  1,  1876 ;  and  A  Monograph  on  the  DevehpmnU  of 
Elannohranch  Fishes,  1878,  pp.  166-161  and  191-206. 
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are  at  first  (fig.  1)  directly  continuous  with  one  another  across 
the  top  of  the  cord,  become  separated  to  a  certain  extent  (fig.  2). 
The  nerve  root  on  either  side  grows  downwards,  closely  applied 
to  the  side  of  the  cord,  it  then  acquires  a  new  or  secondary 
attachment^  to  the  side  of  the  cord,  some  little  distance  below 
the  primary  one  (fig.  3).  A  little  later  the  primary  attachment 
disappears,  and  the  secondary  alone  remains  as  the  permanent 
attachment  of  the  posterior  root  to  the  cord  (fig.  4). 

The  anterior  roots  arise  later  than  the  posterior,  esuoh  as  an 
independent  conical  outgrowth  from  the  latero-ventral  angle  of  the 
cord  (fig.  3).  The  roots  grow  rapidly,  and  soon  form  elongated 
bands  of  fusiform  cells,  which  retain  their  original  points  of 
origin  from  the  cord.  Each  is  at  first,  and  for  some  time,  quite 
distinct  from  the  posterior  root  (fig.  3),  with  which,  however, 
it  subsequently  unites  to  form  the  adult  spinal  nerve  (fig.  4). 

Further  differences  between  the  anterior  and  posterior  roots 
are  afforded  by  the  fact  that  the  posterior  develops  at  a  very 
early  period  a  large  ganglionic  swelling — the  future  spinal 
ganglion — (figs.  3  and  4),  while  the  anterior  root  is  devoid  of 
ganglion  cells.  The  roots  of  origin  of  the  anterior  root  are  also 
very  generally  multiple,  while  those  of  the  posterior  roots, 
whether  primary  or  secondary,  are  apparently  invariably  single. 

Balfour's  observations  were  soon  extended  to  birds  and  mam- 
mals, and  the  description  given  above  is  now  recognised  as  that  of 
the  general  and  typical  mode  of  development  of  the  vertebrate 
spinal  nerves.  It  was  further  found  that  the  neural  crest  is  not 
confined  to  the  spinal  cord,  but  extends  forwards  along  the  top 
of  the  brain,  and  that  certain  of  the  cranial  nerves  are  developed 
from  it  in  the  same  way  as  the  posterior  roots  of  the  spinal 
nerves.  By  this  discovery  a  new  and  very  reliable  clue  to  the 
segmental  value  of  the  cranial  nerves  is  obtained,  for  it  is  clear 
that  if  certain  of  the  cranial  nerves  do,  and  others  do  not,  conform 
to  the  mode  of  development  of  the  typically  segmental  spinal 
nerves,  there  is  strong  reason  for  regarding  the  former  as  being 
of  segmental  value,  and  the  latter  as  not 

Embryology  has  furnished  us  with  one  further  test  of  the 

^  The  accoant  of  this  shifting  is  based  on  my  own  observations.  Balfour 
expresses  himself  as  "inclined  to  adopt  this  yiew"  (ComparcOioe  Embryology^ 
▼oL  iL  p.  872),  but  does  not  definitely  do  so. 
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segmeDtal  value  of  cranial  nerves,  for  which  again  we  are 
indebted  to  Mr.  Balfonr,  who  has  shown  that  in  elasmobranchs 
(and  the  observation  has  since  been  extended  to  other  groups) 
the  two  halves  of  the  coelom  or  body-cavity  at  an  early  period  ex- 
tend forward  on  either  side  of  the  neck  into  the  head,  and  that  on 
the  appearance  of  the  visceral  clefts  each  of  these  halves  becomes 
cut  up  into  a  series  of  isolated  compartments,  one  in  each  visceral 
arch.^  If  the  visceral  clefts  and  arches  are  segmental,  it  is  clear 
that  these ''head-cavities/'  as  they  are  called,  must  be  so  also, 
and  that  they  will  therefore  afford  an  additional  clue  to  deter- 
mining the  segmental  value  of  the  nerves  associated  with  them. 

Summary  of  Bvidenoe  of  Segmental  Value  of  Cranial 
Nerve& — From  what  has  been  said  above  it  will  be  evident  that 
we  have  now  several  independent  tests  of  the  metameric  or 
segmental  value  of  the  cranial  nerves, — tests  with  aU  of  which 
a  nerve  ought  to  comply  to  entitle  it  to  rank  as  segmental. 
For  convenience  of  reference,  these  tests,  the  majority  of  which 
have  already  been  discussed,  may  be  enumerated  here :  * — 

1.  Segmental  nerves  develope  at  a  very  early  stage  as  out- 
growths from  the  neural  ridge  on  the  dorsal  surface  of  the  brain. 

2.  At  an  early  period  they  shift  downwards,  and  acquire  new 
or  secondary  roots  of  attachment  to  the  sides  of  the  brain. 

3.  The  general  course  of  the  main  stem  of  a  segmental  nerve 
is  at  right  angles,  or  nearly  so,  to  the  axis  of  the  head  at  the 
point  of  origin  of  the  nerve.  This  feature,  which  is  explained 
more  fully  in  the  paper  quoted  above,  is  evident  from  an  inspec- 
tion of  fig.  8,  in  which  the  directions  of  the  segmental  nerves 
are  shown,  and  from  the  consideration  that  the  course  of  seg- 
mental nerves  must  be  approximately  parallel  to  the  boundaries 
of  the  segments  to  which  they  belong :  a  segmental  nerve  could 
not  run  transversely  across  a  number  of  segments. 

4  Segmental  nerves  have  the  characteristic  relations  to  the 
visceral  clefts  and  arches,  and,  therefore,  also  to  the  head-cavities 
in  these  arches,  first  pointed  out  by  Stannius  as  noticed  above, 

1  Balfour,  Elaamohranch  Fishes,  pp.  206-209  ;  also  Marshall,  ' '  Head-CaTiiies 
and  Associated  Neryes  of  Elasmobranchs,"  Quart,  Jown^  of  Micros.  Sdenee^ 
January  1881. 

*  (jr.  Marshall,  "  The  Morphology  of  the  Vertebrate  Olfactoiy  Organ,"  Quart, 
Joum,  (^Micros.  Sdenes,  July  1879,  p.  817. 
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each  nerve  supplying  the  borders  of  one  cleft,  and  therefore  of 
two  arches.  Concerning  this  test,  it  may  be  noted  that,  although 
from  the  constancy  of  the  relations  of  the  visceral  clefts  to  other 
structures  in  all  vertebrates  above  AmphioxuSy  there  can  be  no 
doubt  that  Gegenbaur,  Huxley,  Semper,  and  others  are  correct  in 
maintaining  the  segmental  value  of  these  clefts,  yet  that  the 
total  absence  of  any  correspondence  between  the  visceral  clefts  and 
the  body  segments  in  Amphioxus,  and  still  more  in  the  Ascidians, 
makes  it  very  doubtful  whether  this  segmental  character  is  a 
primitive  ona 

6.  Segmental  nerves  very  constantly  present  ganglionic  en* 
largements,  either  at  or  near  their  points  of  division  into  their 
two  main  ventral  branches. 

Having  thus  cleared  the  ground,  and  explained  what  we  mean 
by  a  segmental  nerve,  and  why  it  is  of  importance  to  determine 
which  of  the  cranial  nerves  are  of  segmental  value,  and  which 
are  not,  I  propose  to  consider  these  nerves  and  discuss  their 
claims  in  order,  beginning  with  the  most  anterior  ones,  and  taking 
them  in  the  sequence  usually  adopted  by  anatomists. 

I.  The  First  or  Olfactory  Nerve. — ^This    nerve  was   until  ^ 

recently  supposed,  by  reason  of  its  development,  to  stand  quite 
apart  from  the  rest  of  the  cranial  nerves,  and  to  be,  properly 
speaking,  a  part  of  the  brain  rather  than  a  nerve  in  the  strict 
sense  of  the  word.^  Instead  of  developing  like  the  other  nerves, 
the  olfactory  was  stated  to  arise  as  a  hollow  outgrowth  from  the 
anterior  part  of  the  cerebral  hemisphere — the  so-called  olfactory 
lobe  or  vesicle :  it  was  also  stated  to  arise  considerably  later 
than  the  posterior  cranial  nerves. 

It  is  now  known  that  these  supposed  distinctions  between  the 
olfactory  and  the  other  nerves  do  not  really  obtain,^  but,  on  the 
contrary,  that  the  olfactory  nerves  develope  in  precisely  the 
same  way  as  the  other  cranial  nerves ;  that  they  arise  at  first 
from  the  upper  part  of  the  fore-brain  and  gradually  shift  down- 
wards, acquiring  by  so  doing  a  secondary  connection  with  the 

1  VitUy  e.g.,  Huxley,  Anatomy  of  Vertebraled  AnimdlSf  p.  71 ;  and  Gegenbaur, 
EUtMvUs  of  Comparative  Anatomy,  English  Translation,  p.  515. 

'  Marshall,  "Morphology  of  Vertebrate  Olfactory  Organ,"  Quart.  Joum,  of 
Microa*  Seienes,  July  1879  ;  and  Balfonr,  Comparative  Emiryolbgy,  yoL  IL  1881, 
pp.  836  and  882. 


--X 


THE  SEGIIENTAL  VALUE  OF  THE  CRANIAL  NERVES.         315 

cerebral  hemispheres,  of  which  they  are  at  first  completely  inde- 
pendent ;  and,  finally,  that  the  olfactory  ]obe  or  vesicle  so  far 
from  being  the  earliest  part  to  be  developed  is  actually  the  last, 
no  vestige  of  it  appearing  in  the  chick  until  the  seventh  day  of 
incubation,  in  the  salmon  till  long  after  hatching,  or  in  dogfish 
until  stage  O  of  Balfour*s  nomenclature. 

If,  then,  the  olfactory  nerve  agrees  in  all  important  features 
of  its  development  with  the  other  cranial,  and  the  spinal  nerves, 
the  further  question  at  once  suggests  itself, — ^lias  it  segmental 
value  ?  ^  An  examination  of  the  evidence  at  our  disposal,  which 
is  unfortunately  far  from  complete,  shows  that  there  is  much  to 
be  said  in  favour  of  such  a  view ;  thus,  applying  to  the  olfactory 
nerve  the  several  tests  of  the  metameric  value  of  cranial  nerves  in 
the  order  given  above,  on  p.  313,  we  obtain  the  following  results : — 

1.  The  olfactory  nerve  develops  very  early :  the  actual  date 
of  its  first  appearance  is  very  difficult  to  determine,  and  has  not 
yet  been  ascertained  with  certainty  in  any  case,  but  in  both  the 
chick  and  the  dogfish  it  appears  at  a  very  early  stage  of  develop- 
ment, and  in  the  chick,  indeed,  an  attempt  has  been  made  to 
show  that  the  olfactory  nerve  is  **  one  of  the  first  nerves  in  the 
body  to  appear,"  *  arising  before  any  of  the  spinal  nerves.  There 
is  also  evidence,  though  as  yet  inconclusive,  in  favour  of  the 
origin  of  the  olfactory  nerve  in  the  chick  from  the  neural  crest. 

2.  The  olfactory  nerve  resembles  the  segmental  nerves  in 
undergoing  during  the  earlier  stages  of  its  development  a  very 
considerable  displacement  of  its  root  of  attachment  to  the  brain, 
and  as  this  feature  is  one  of  the  most  remarkable  characters  of 
these  segmental  nerves,  and  is,  so  far  as  we  know,  confined  to 
them,  its  occurrence  in  the  olfactory  nerve  must  be  admitted  to 
be  of  much  weight. 

In  both  the  dogfish  and  chick  the  olfactory  nerves  are  clearly 
recognisable  before  the  cerebral  hemispheres  have  commenced 
to  develope,  the  nerves  at  this  stage  arising  from  the  dorsal  part 
of  the  sides  of  the  original  fore-brain  or  anterior  cerebral  vesicle. 

^  I  have  dealt  with  this  question  at  some  length  in  a  former  paper  on  "The 
Morphology  of  the  Vertebrate  Olfactory  Organ,  "^uar^.  Joum.  of  Mioroa.  Science, 
July  1879,  to  which  I  wonld  b^  to  refer  the  reader  who  may  desire  further  details 
than  I  can  give  here. 

*  Marshall,  *'The  Development  of  the  Cninial  Nerves  in  the  Chick,"  <luarL 
Joitm.  of  Micros,  Sdence^  Jan.  1878,  p.  28. 
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The  hemispheres  in  the  chick  are  lateral  outgrowths  of  the  fore- 
brain,  and  are  from  the  first  situated  above,  i.e.,  on  the  dorsal 
side  of  the  roots  of  the  olfactory  nerves ;  they  grow  forwards 
and  upwards  with  great  rapidity,  driving  the  olfactory  nerves 
down  to  the  base  of  the  brain,  and  so  causing  these  nerves  to 
appear  to  arise  from  their  under  and  anterior  part  Whether 
the  root  of  the  olfactory  nerve  undergoes  any  change  comparable 
to  the  secondary  attachment  described  above  as  occurring  in  the 
spinal  nerves,  has,  however,  not  yet  been  ascertained. 

3.  The  general  course  of  the  olfact-ory  nerve  in  the  early  stages 
of  development  is,  like  the  segmental  nerves,  at  right  angles  to 
the  axis  of  the  head  at  the  point  of  origin  of  the  nerve,  although, 
owing  to  cranial  flexure,  it  is  very  far  from  being  parallel  to  the 
hinder  segmental  nerves.  This  feature  is  shown  in  fig.  8, 1.  In 
the  later  stages  of  development,  owing  to  the  forward  growth  of 
the  nasal  region,  this  relation  becomes  completely  lost 

4.  Concerning  the  relations  of  the  olfactory  nerve  to  visceral 
arches  and  clefts,  I  must  beg  to  refer  the  reader  to  the  paper 
quoted  above,  in  which  I  have  drawn  attention  to  "  the  very 
close  resemblance  as  to  form,  structure,  general  relations,  time 
of  appearance,  &c.,  existing  between  the  olfactory  organ  and  the 
gill  clefts,"  and  have  adduced  other  arguments  on  which  I  have 
attempted  to  establish  the  following  conclusions : — '*  That  the 
olfactory  organ  is  the  most  anterior  visceral  cleft;  that  the 
olfactory  nerve  is  the  segmental  nerve  supplying  the  two  sides 
of  that  cleft  in  a  manner  precisely  similar  to  that  in  which  the 
hinder  clefts  are  supplied  by  their  respective  nerves ;  and  that 
the  Schneiderian  folds  are  homologues  of  gills."  ^ 

5.  The  olfactory  nerve  is  distinctly  ganglionic  near  its  root  of 
origin  from  the  brain  in  elasmobranchs  and  in  the  chick. 

It  would  thus  appear  that  although  the  evidence  is  at  present 
far  from  conclusive,  and  although  further  information  is  needed 
on  many  points,  notably  concerning  the  earliest  stages  of  develop- 
ment of  the  olfactory  nerve,  yet  that  the  nerve  answers  fairly 
well  to  the  tests  of  segmental  value  as  defined  above ;  and  it  is 
important  to  note  that  the  points  in  which  it  responds  incom- 
pletely are  precisely  those  on  which  our  knowledge  of  the  nerve 

.  ^  **  Horpliology  of  Yertobiate  Olfactory  Oi^gan,"  Quart,  Jawm,  o/Mtcroa,  Scunce, 
July  1879,  p.  330. 
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is  avowedly  imperfect,  and  that  in  no  case  is  a  test  directly  con* 
tradicted.  I  am  therefore  disposed,  while  fully  admitting  the 
need  for  further  investigation,  to  rank  the  olfactory  nerve  as  the 
most  anterior  of  the  cranial  segmental  nerves,  the  nerve  belong- 
ing to  the  first  head-segment. 

The  segmental  value  of  the  olfactory  nerve  has  recently  been 
advocated  by  Wiedersheim,  who  draws  attention  to  the  fact  that 
in  £picrium,  and  probably  in  other  Gh/mnophiona  as  well,  there 
are  on  either  side  two  olfactory  nerves,  one  dorsal  and  one 
ventral,  the  roots  of  the  two  being  perfectly  independent,  and 
some  little  distance  apart^  Wiedersheim  considers  that  these 
two  roots  are  homologues  of  the  dorsal  and  ventral  roots  of  a 
spinal  nerve,  and  that  by  their  discuvery  the  segmental  rank  of 
tiie  olfactory  nerve  may  be  considered  to  be  established. 

A  similar  condition  of  the  olfactory  nerve  in  Pipa  dorsigera 
has  been  figured,  though  not  described,  by  Fischer.^ 

These  two  cases,  in  both  of  which  the  additional  root  is  the 
dorsal  one,  tend  strongly  to  confirm  the  view  taken  above  of  the 
primitive  connection  of  the  olfactory  nerve  with  the  dorsal  surface 
of  the  brain,  and  therefore  presumably  with  the  neural  crest ; 
but  in  the  absence  of  any  observations  on  either  the  development 
or  the  physiological  properties  of  the  two  roots  in  question,  I  do 
not  think  that  much  weight  can  be  attached  to  Wiedersheim's 
suggestion  of  their  homology  with  the  roots  of  a  spinal  nerve. 

Balfour^  argues  against  the  segmental  value  of  the  olfactory 
nerve,  on  the  ground  that  it  is  incompatible  with  the  views 
which  he  holds  concerning  the  primitive  vertebrate  mouth,  and 
concerning  the  relations  between  the  nervous  systems  of  verte- 
brates and  invertebrates.  His  views  on  these  points  are  of 
very  great  interest  and  importance;  but  inasmuch  as  they 
involve  the  descent  of  Chsetopods  and  Vertebrates,  not  from  a 
common  segmented  ancestral  type,  but  from  a  common  unseg- 
mented  type,  and  also  the  existence  of  a  group  of  segmented 
animals,  which  ''  appears  now  to  have  perished  "  without  leaving 
any  trace  behind,  it  would  clearly  be  impossible  to  discuss  them 

^  Wiedersheim,  Die  Anaiomie  der  OymnophiaMiif  Jena,  1879,  pp.  59,  60,  and 
pL  iv.  fig.  85,  pL  tL  fig.  62. 

*  FiBcher,  Amphibicrum  nudcrum  neurologies  specimen  primumf  1848,  Tab.  ii 

fig.  1. 

*  Balfour,  ComparaUve  Embryology,  toL  ii.  1881,  pp.  260-265  and  888. 
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here  in  full.  His  theory  that  the  vertebrate  fore-brain  is  the 
homologue  of  the  supra-cesophageal  ganglia  of  Arthropods  and 
Chsetopods  is,  however,  to  my  mind  open  to  very  serious  objec- 
tions, some  of  the  more  weighty  of  which  he  has  himself 
mentioned,  viz.  (1)  that  there  is  no  actual  anatomical  or  embryo- 
logical  break  between  the  fore-brain  and  the  hinder  portion  of 
the  central  nervous  system,  such  as  one  might  reasonably  expect 
to  find  on  his  hypothesis ;  (2)  that  the  lowest  known  vertebrate, 
Amphioxus,  instead  of  lending  any  support  to  this  view,  dis- 
tinctly contradicts  it,  the  fore-brain  being  less  differentiated 
from  the  hinder  portion  than  in  any  other  vertebrate,  while 
"  the  termination  of  the  notochord  immediately  behind  the  fore- 
brain  " — almost  the  only  direct  evidence  he  adduces  in  favour 
of  the  ''  morphological  distinctness "  of  the  fore-brain — ^again 
fails  completely,  the  notochord  in  Amphioxus,  as  is  well  known, 
extending  to  the  extreme  anterior  end  of  the  head,  some  distance 
beyond  the  front  end  of  the  brain. 

n.  The  Second  or  Optic  Nerve. — Although,  as  we  have  just 
seen,  the  statement  that  the  olfactory  nerve  is  lather  n  part  of 
the  brain  than  a  nerve  in  the  strict  sense  of  the  word  is  found 
on  examination  not  to  hold  good,  yet,  as  regards  the  optic  nerve, 
it  is  certainly  correct ;  the  mode  of  development  of  the  optic 
nerve,  which  is  too  well  known  to  require  a  detailed  description 
here,  placing  it  in  this  respect  in  marked  contrast  to  every  other 
nerve  in  the  body. 

From  the  fore-brain  or  anterior  cerebral  vesicle  two  hollow 
lateral  outgrowths  arise — the  optic  vesicles.  These  become 
constricted  at  their  origin  from  the  brain,  the  constricted  por- 
tions or  optic  stalks  becoming  ultimately  the  optic  nerves.  By 
a  process  of  unequal  growth  of  the  different  parts,  coupled  with 
a  direct  pushing  in  of  the  outer  wall  by  the  formation  of  the 
lens,  each  vesicle  becomes  doubled  up  on  itself,  the  outer  wall 
being  pushed  back  into  the  inner,  and  so  giving  rise  to  the 
double-walled  "  optic  cup  "  or  secondary  optic  vesicle. 

This  mode  of  development,  which,  with  secondary  modifica- 
tions applies  to  all  vertebrates  except  Amphiox^ts,  and  must 
therefore  be  considered  as  primitive  so  far  as  vertebrates  are 
concerned,  differs  so  fundamentally  from  the  development  of  the 
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hinder  cranial  or  spinal  nerves  that  no  comparison  whatever  is 
possible  between  them.  The  optic  nerve  must  therefore  be 
regarded  as  one  sui  generis,  and  as  one  which  can  accordingly 
have  no  claim  to  be  considered  of  segmental  value. 

The  existence  of  this  clearly  non*segmental  nerve  between 
the  olfactory  and  the  hinder  nerves  is  undoubtedly  an  objection 
to  the  view  advocated  above  concerning  the  segmental  value  of 
the  olfactory  nerve ;  but  until  we  obtain  a  clearer  light  than  we 
are  at  present  able  to  throw  on  the  phylogenetic  history  of  the 
vertebrate  eye,  and  indeed  of  the  vertebrate  race  altogether,  it  is 
difficult  to  gauge  properly  the  weight  of  the  objection. 

The  Bye-Musole  Nenree. — Concerning  the  morphological 
value  of  these  three  nerves — the  third,  fourth,  and  sixth  pairs — 
opinions  have  perhaps  differed  more  than  in  the  case  of  any  of 
the  other  cranial  nerves. 

The  nerves  in  question  are  small,  with  a  singularly  limited 
and  constant  distribution  to  the  muscles  moving  the  eyeball, 
and  to  certain  other  parts  in  connection  with  the  eye,  the  third 
nerve  supplying  the  rectiis  superior,  rectus  irUemus,  rectus  inferior, 
and  dbliquus  inferior  muscles  of  the  eyeball,  also  the  levator 
palpebrcB  swperUnis  and  the  circular  muscle  of  the  iris;  the 
fourth  nerve  supplying  the  dbliquus  superior  muscle,  and  in 
many  vertebrates  sending  sensory  branches  to  the  conjunctiva 
and  the  skin  of  the  upper  eyelid;  and  the  sixth  nerve  supplying 
the  rectus  extemus  muscle,  and  in  many  forms  the  suspensory 
muscle  of  the  bulb  of  the  eye  and  the  muscles  of  the  nictitating 
membrane.  In  dealing  with  them  it  will  be  convenient  to  con- 
sider them  at  first  collectively,  inasmuch  as  many  points  of 
importance  concern  them  all  alike,  and  afterwards  to  consider 
briefly  the  several  points  of  individual  interest  which  they  pre- 
sent respectively. 

Until  very  recently  it  was  the  almost  universal  custom 
amongst  anatomists,  when  discussing  the  segmental  value  of  the 
cranial  nerves,  to  exclude  the  eye-muscle  nerves  altogether  from 
consideration,  on  the  ground  that  they  were  not  constant  in  their 
distribution,  hut  thai  one  or  more  of  the  muscles  normally  supplied 
by  them  might  under  special  circumstances  be  supplied  by  branches 
of  the  fifth  Turve,  the  further  inference  being  drawn  from  these 
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special  oases  that  the  eye-musde  Turves  were  primitwdy  branches  of 
the  fifth  nerve,  which  have  in  the  majority  of  existing  vertebrcUes 
(Utained  independence  and  acquired  the  appearance  of  distinct 
nerves,  a  title  to  which  they  have  really  no  claim} 

This  view  has  very  recently  indeed  been  advocated  by 
Wiedersheim,  whom  I  quote  in  order  to  illustrate  my  state- 
ments. In  dealing  with  the  fourth  nerve  in  the  frog  he  notices 
that  it  usually  forms  anastomotic  communications  with  the  oph- 
thalmic branch  of  the  fifth  nerve  as  it  crosses  it,  and  that  the 
number  of  these  communicating  branches  is  very  variable.  He 
then  says : — "  Dies  eben  beschriebene  Verhalten  sowie  auch  das- 
jenige  des  Abdncens  und  des  spater  abzuhandelnden  Ocvlomo- 
torius  liefert  eine  hubsche  Illustration  zu  der  in  hoheren  Thier- 
STruppen  in  immer  starkerer  Weise  hervortretenden  Tendenz 
der  Augenmuskelnerven,  sich  von  ihrem  Stammboden,  der 
Trigeminusgruppe,  zu  emancipiren,  um  endlich  eine  gut  indi- 
vidualisirte  Selbststandigkeit  zu  erlangen."' 

As  this  view,  so  definitely  expressed  by  Wiedersheim  in  the 
above  passage,  appears  to  have  met  with  very  general  acceptance, 
and  as  it  very  seriously  affects  and  concerns  the  subject  of  the 
present  paper,  I  have  taken  some  trouble  to  collect  all  the 
recorded  cases  in  which  the  distribution  of  the  eye-muscle 
nerves  or  the  supply  of  the  eye-muscles  in  vertebrates  is  said  to 
present  any  constant  deviation  from  the  normal  arrangement  as 
noticed  above ;  and  I  propose  now  to  examine  critically  these 
alleged  exceptions  to  the  general  rule. 

1.  Amphioxus} — The  azygos  character  of  the  eye  and  its 
extreme  simplicity  of  structure  render  any  comparison  with  the 
eyes  of  higher  and  more  typical  vertebrates  perfectly  futila 

2.  Marsipobranchii, 

(a)  Hyperotrceti. — Among  the  myxinoid  fishes,  according  to 

^  Vide,  e,g.,  Gegenbaur,  "  Ueber  die  Kopfii6rven  yon  HexanchuB,"  Jenaitehe 
ZeUaehrift,  1871,  pp.  548,  549  ;  Huxley,  Anatomy  of  VerUbraUd  Animals,  1871, 
p.  73  ;  also  Stieda  and  the  yarious  authors  quoted  by  him  in  his  "Studien  ueber 
das  centrale  Nenrensystem  der  Wirbelthiere,"  Zeitsehrifi  /Or  tnsseruehafUiclie 
Zoologie,  Bd.  zz.  1870. 

3  Wiedersheim,  in  £cker*8  AncUomie  det  Frosches,  Zweite  Abtheilung,  1881, 
p.  24,  note  1. 

*  Stannius,  in  his  Bandbuch  der  AncUomie  der  WitbeUkiere,  Zweite  Auflage, 
1854,  p.  161,  notices  the  absence  of  the  eye-muscle  nerves  in  Am^iioxu9, 
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Stannius,^  J.  Miiller,*  Huxley,*  Gegenbaur,*  and  others,  the  eye- 
muscle  nerves  are  completely  absent  Here  again  we  are  deal- 
ing with  animals  in  which  the  eyes  are  in  a  very  rudimentary 
condition,  and  the  eye-muscles  either  absent  or  extremely  imper- 
fectly developed;  so  that,  as  pointed  out  by  Schwalbe,^  no 
importance  can  be  attached  to  them  in  determining  the  question 
of  the  primitive  independence  of  the  eye-muscle  nerves,  and  this 
consideration  is  much  strengthened  by  the  strong  evidence  we 
possess  of  the  Myxinoids  being  degenerate  or  degraded  forms.* 

(b)  Hyperoartii, — ^Attention  has  been  directed  to  the  condition 
of  the  eye-muscle  nerves  in  the  lampreys  by  a  number  of  writers. 
According  to  Schlemm  and  d'Alton,^  the  lampreys  have  inde- 
pendent eye-muscle  nerves,  but  their  number  is  diminished, 
and  some  of  the  muscles  are  supplied  by  the  fifth  nerve.  The 
fourth  nerve  is  described  as  having  its  usual  origin  behind  the 
optic  lobes  and  entering  the  orbit  in  company  with  the  third, 
which  has  an  independent  origin  in  front  of  that  of  the  fifth. 
The  combined  nerve,  formed  by  the  union  of  the  third  and 
fourth,  divides  into  two  main  branches,  an  upper  one  supplying 
the  rectus  superior,  and  a  lower  one  supplying  the  rediis  intemus 
and  (Miquus  superior.  The  three  other  muscles,  viz.,  rectus 
inferior,  rectus  extemits,  and  dbliquus  inferior,  sure  said  to  receive 
their  nerves  from  the  trunk  of  the  fifth  nerve. 

Fischer^  and  Stieda^  also  refer  to  the  peculiar  distribution  of 
the  eye-muscle  nerves  in  the  lampreys,  but  avowedly  draw  their 
information  from  Schlemm  and  D' Alton's  paper,  |rom  which  it 
would  appear  that  Huxley,^®  and  probably  Owen  "  and  Giinther  ^ 
also,  derive  their  accounts. 

^  Stannins,  op.  cU.  p.  161. 

*  J.  Midler,  VergUichende  Neurologic  der  Myxinoiden,  p.  49. 
»  Huxley,  Vertebrates,  p.  78. 

^  Gegenbaur,  Sexanchus,  p.  549. 

^  Schwalbe,    "  Das  Ganglion  Ocnlomotorii,"  Jcnaische  Zeitschrift,  Bd.  ziii. 

p.  71. 

>  Cf.  Balfour,  Comparative  Embryology,  vol.  ii.  1881,  p.  268,  note  2. 

7  Schlemm  u.  D'Alton,  "  Ueber  das  Nervensystem  der  Petromyzon,"  Muller's 
Arehiv,  1888. 

*  Fischer,  AmpA&norum  wudorwn  Newrotogice  Specimen  Primvm,  1848,  p.  47. 

»  Stieda,  loc.  ciL  p.  174. 

^®  Huxley,  Anatomy  of  Vertebrated  Animals,  p.  73. 
"  Owen,  AjiaUmy  of  Vertebrates,  1866,  vol.  i.  p.  800. 
"  Gunther,  Introduction  to  the  Study  of  Fishes,  1880,  p.  106. 
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Gegenbaur  ^  gives  a  slightly  diflFerent  account.  He  says  that 
in  Petromyzon  there  is  an  independent  fourth  nerve,  but  that  the 
sixth  is  a  branch  of  the  fifth,  which  supplies  the  rectus  inferwr 
as  well  as  the  rectus  extemus,  while  the  third  nerve  is  limited  in 
its  distribution,  supplying  the  rectus  superior,  rectus  intemus, 
and  dbliquus  inferior.  He  gives  no  reference  in  support  of  his 
statement,  and  must  therefore  be  supposed  to  make  it  on  his 
own  authority,  especially  as  it  differs  notably  from  the  accounts 
of  all  other  writers  whom  I  have  been  able  to  consult 

Concerning  the  above  accounts,  it  appears  that  they  can  be 
reduced  to  two  sources — (1)  the  description  given  in  1838  by 
Schlemm  and  D' Alton,  which  I  have  assumed  to  be  the  source 
from  which  Owen,  Huxley,  and  Giinther  obtain  the  accounts 
given  in  their  text-books  quoted  above,  because  their  descriptions, 
which  are  very  brief,  agree  exactly  with  that  of  Schlemm  and 
D'Alton,  and  add  nothing  to  it ;  and  (2)  Gegenbaur's  description 
in  1871,  which  must  be  independent,  inasmuch  as  it  does  not 
quite  agree  with  Schlemm  and  D'Alton's.  According  to  Gegen- 
baur, the  only  peculiarity  is  that  the  sixth  nerve  is  not  indepen- 
dent but  a  branch  of  the  fifth,  which  supplies  the  rectus  inferior 
as  well  6is  the  rectus  extemus  ;  while,  according  to  Schlemm  and 
D' Alton,  three  of  the  muscles — the  rectus  inferior,  rectus  extemus^ 
and  dbliquus  inferior — are  supplied  by  the  fifth  nerve ;  and,  in 
addition  to  this,  the  third  and  fourth  nerves  unite  together,  a 
point  which  Gegenbaur  does  not  notice. 

The  dissection  is  a  difficult  one,  on  account  of  the  small  size 
of  the  nerves  concerned;  and  additional  evidence  from  direct 
observation  is  necessary  before  we  can  decide  whether  either  of 
the  above  descriptions  is  perfectly  correct. 

There  are,  however,  certain  points  of  considerable  importance 
which  concern  not  only  Petromyzon,  but  many  other  forms  as 
well,  and  may  be  conveniently  dealt  with  here. 

Both  the  third  and  fourth  nerves  are  distinctly  stated  to  have 
independent  roots  of  origin,  and  to  arise  from  the  normal 
situations  in  the  brcdn ;  and  this  being  the  case,  I  wish  to  point 
out  that  the  anatomical  arrangement  of  the  nerves  would  pro- 
bably be  more  correctly  described  by  saying  that  the  third 
nerve,  though  having  a  separate  root  of  origin,  becomes  connected 

'  Gegenbaur,  Hexanehus,  p.  549,  note  1. 
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with  the  fifth,  so  that  in  the  adult  some  of  its  branches  appear 
to  be  derived  from  the  fifth;  than  by  saying,  with  Huxley 
Stieda,  and  Giinther,  that  the  muscles  in  question  are  supplied 
by  branches  of  the  fifth. 

Fischer  long  ago  adopted  this  view.  He  describes,  on  Sohlemm 
and  D' Alton's  authority,  the  condition  of  the  nerves  in  Petromyzon, 
in  these  words : — *^  Genus  Fetromyzon  duas  Oculomotorii  ostendit 
partes,  alteram  liberam,  parisque  quarti  quoque  continentem 
fibras,  alteram  cum  Trigemino  conjunctam ; "  ^  and  StaDDius 
gives  still  clearer  expression  to  it;  for  after  referring  to  Schlemm 
and  D'Alton's  observations,  he  says : — "  Oflfenbar  ist  hier  ein 
Theil  der  Wurzelelemente  des  N.  oculorum  motorius,  so  wie 
auch  die  Wm*zel  des  N.  abducens,  in  die  Bahn  des  N.  trigemiilus, 
tibergetreten,"  ^  and  remarks  that  it  is  quite  possible  that  a  very 
careful  examination  of  the  nerve-roots  would  show  that  the 
aM%u:en8  has  really  an  independent  root  of  origin. 

The  point  at  issue  is  an  important  one,  and  must  be  clearly 
stated.  When  we  find  two  nerves — the  third. and  fifth,  which 
in  the  great  majority  of  vertebrates  are  independent  of  one 
another  both  in  origin  and  distribution — in  certain  forms,  as  the 
lampreys,  arising  from  the  brain  independently  and  normally, 
but  becoming  united  together  at  some  point  or  other  of  their 
course,  so  that  it  is  no  longer  possible  from  mere  anatomical 
observation  to  say  with  certainty  to  which  of  the  two  a  given 
branch  belongs,  are  we  to  infer,  as  is  done  tacitly  or  explicitly 
by  many  writers,^  that  the  condition  shown  by  the  lamprey  is 
the  more  primitive  one,  and  represents  an  iDtermediate  stage  in 
the  process  by  which  the  eye-musde  nerves  gradually  emanci- 
pated themselves  from  their  parent  nerve  —  the  fifth  —  and 
attained  ultimately  the  complete  independence  they  show  in  the 
great  majority  of  existing  vertebrates  ?  Or,  on  the  other  hand, 
are  we  to  infer  that  the  independent  origin  of  the  third  nerve  is 
primitive,  and  that  its  connection  with  the  fifth,  when,  as  in  the 
lamprey,  it  does  occur,  is  a  secondarily  acquired  one  ?  To  my  • 
mind  there  can  be  no  doubt  whatever  that  the  latter  is  the 

^  FiBcher,  op.  cU,  p.  47,  note  1. 

*  Stannins,  Das  peripheriscihe  Nerwiayitmi  der  Fische,  p.  18. 
'  Cf.  the  authors  mentioned  above,  and  especially  the  passage  quoted  from 
Wiedersheim  on  p.  820  above. 
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correct  explanation ;  and  the  chief  reasons  that  lead  me  to  think 
so  are  the  following : — 

(a)  Though  we  know  of  instances — notably  in  the  case  of  the 
vagus — of  nerves  originally  distinct  and  independent  gradually 
becoming  fused,  and  then  this  fusion  getting  thrown  back  to  a 
very  early  developmental  stage  ;  yet  we  know  of  no  established 
case  of  a  branch  attaining  independence,  and  acquiring  the 
character  of  &  distinct  nerve. 

(b)  Supposing  it  were  possible  for  such  a  process  to  occur,  it 
would  certainly  be  very  surprising  if,  as  in  the  supposed  case  of 
the  third  nerve,  the  process  of  differentiation  should  commence 
at  the  proximal  end,  and  that  there  should  be  a  stage  in  which 
the  roots  were  independent  and  the  two  nerves  still  fused 
distally. 

(c)  There  are  very  strong  reasons,  which  we  shall  discuss  later 
on,  for  viewing  both  the  third  and  fifth  nerves  as  segmental,  and 
therefore  primitively  independent  of  one  another. 

(d)  If  Wiedersheim's  view  were  correct,  we  should  certainly 
expect  the  third  nerve  of  higher  vertebrates  in  its  early  stages  of 
development  to  show  some  indication  of  its  supposed  primitive 
connection  with  the  fifth.  So  far,  however,  is  this  from  being 
the  case,  that  in  all  cases  where  the  development  of  the  third 
nerve  has  yet  been  traced,  it  is  a  perfectly  independent  nerve 
from  the  start.^ 

(e)  A  cracial  test  is  afforded  by  the  fact  that  other  nerves — 
e,g.  the  fifth  and  seventh — though,  as  a  rule,  separate  from  one 
another  throughout  the  vertebrate  series,  may  in  some  forms 
become  more  or  less  closely  united  together,  so  that  it  is  im- 
possible by  mere  anatomical  evidence  to  distinguish  branches  of 
the  one  from  those  of  the  other ;  the  forms  in  which  this  fusion 
of  the  fifth  and  seventh  nerves  occurs  being,  as  we  shall  see 
more  fully  later  on,  in  many  cases  the  same  as  those  in  which 
the  fifth  and  the  eye-muscle  nerves  tend  to  fuse.  In  the  case  of 
the  dog-fish,  in  which  this  fusion  of  the  fifth  and  seventh  nerves 
is  a  marked  feature  of  the  adult  state,  all  the  stages  of  develop- 

^  ManluJl,  ''On  the  Development  of  the  Cranial  Neires  in  the  Chick,"  Quart. 
Jaum,  of  Micros.  Science,  Jan.  1878,  pp.  23-27  ;  and  ''On  the  Head  Cavities 
and  AflBOciated  Nerves  of  Elasmobranchs,"  Quart.  Joum.  of  Micros.  Science, 
Jan.  1881,  pp.  78-88. 
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ment  are  now  known,^  and  it  is  found  that,  so  far  from  the  state 
of  fusion  being  a  primitive  one,  the  two  nerves  are  in  their  early 
stages  quite  independent  and  some  distance  apart,  as  in  other 
vertebrates,  and  that  their  subsequent  gradual  approximation 
and  fusion  are  purely  secondary  characters. 

The  above  arguments  appear  to  me  to  establish  the  proposi- 
tion that  the  third  nerve  is  primitively  an  independent  one,^  and 
that  its  partial  fusion  with  the  fifth,  when  it  occurs,  is  a  purely 
secondary  and  not  a  primary  character. 

If  they  prove  the  case  for  the  third  nerve,  so  also  for  the 
fourth  and  sixth  nerve&  The  presence  of  independent  roots  of 
origin  from  the  brain  must  be  held  to  establish  that,  however 
close  may  be  the  connection  of  their  trunks  with  the  fifth  nerve, 
they  are  really  independent  nerves,  and  sie  Tiat  tohe  described 
as  being  *'  replaced  by  branches  of  the  fifth  nerve.'' 

In  the  case  of  the  lampreys,  then,  I  hold  that  we  have  no 
reliable  evidence  of  the  third  or  fourth  nerves  being  in  any  way 
abnormal  in  their  distribution  to  the  eye-muscles;  while,  as 
regards  the  sixth  nerve,  although  no  distinct  root  of  origin  has 
yet  been  seen,  I  hold,  with  Stannius,  that  a  much  more  careful 
and  searching  investigation  must  be  made  for  it  before  any  state- 
ment as  to  its  absence  can  be  accepted. 

3.  OaTundei. — In  the  majority  of  ganoids  the  nerves  of  the 
eye-muscles  have  the  normal  arrangement,  and  are  completely 
independent  of  the  fifth,  except  where  the  third  unites  with  the 
ophthalmic  branch  of  the  fifth  at  the  ciliary  ganglion.  Only  one 
exception  is  known. 

In  Zqndostem,  according  to  J.  Mtiller,'  the  arrangement  is  ab- 
normal, the  third  and  fourth  nerves  entering  the  orbit  closely 
united  with  the  ophthalmic  division  of  the  fifth,  of  which  they 
appear  as  branches.  The  sixth  nerve  is  described  and  figured 
as  accompanying  the  main  trunk  of  the  fifth,  but  distinct 
from  it. 

1  MarshaU  and  Spencer,  **  Obsenrations  on  the  Cranial  Nerves  of  Scyllimn," 
Quart  Joum,  of  Micros,  Science,  July  1881,  pp.  482-486. 

'  The  independence  of  the  third  nerve  has  recently  been  upheld  on  anatomical 
gronnds  by  Schwalbe — £ku  Ganglion  Ocuhmotarii;  and  by  Balfour,  on  embryo- 
logical  ones — Comparatvoe  Embryology,  voL  ii. 

*  J.  MiiUer,  Ueber  den  Bau  und  die  Orenzen  der  Oanoidenf  1846,  p.  97,  and 
plate  iv.  figs.  2  and  3. 


326  DR.  A.  MILNES  MABSHAIiL. 

Stieda,  in  his  essay  ^  before  referred  to,  quotes  Mtlller's 
account,  but  does  so  incorrectly,  making  Miiller  say  that  there 
is  a  distinct  fourth  nerve,  but  that  the  third  and  sixth  are  replaced 
by  branches  of  the  fifth ;  whereas  Mtiller  really  says  that  the 
sixth  IB  a  distinct  nerve,  and  that  the  third  and  fourth  are  not 
''replaced  by  branches  of  the  fifth,"  but  contained  in  the 
ophthalmic  nerve. 

Stannius,*  referring  to  Mtlller's  account,  observes  that  it  is 
probably  merely  another  instance  of  juxtaposition  of  originally 
distinct  nerves. 

Concerning  this  alleged  exception,  we  notice  in  the  first  case 
that  it  rests  on  a  solitary  description,  which  has  not  yet  been 
confirmed,  and  that  confirmation  is  needed  is  evident  firom  the 
figures  referred  to.  Miiller  gives  two  figures  of  the  cranial 
nerves  of  Lepidostetis,  which  do  not  agree  in  all  points  with 
another ;  indeed,  the  points  of  difference  are  so  marked  that  the 
two  figures  are  by  no  means  easy  to  reconcile  with  one  another. 
Mliller's  figure  3  appears  to  me  to  present  nothing  exceptional, 
except  that  the  third  and  fourth  nerves  enter  the  orbit  as  one 
trunk,  and  that  the  fourth  nerve  at  the  point  where  it  crosses 
the  partio  minor  of  the  ramtis  ophthalmicus  superJiGudis^  is 
rather  more  extensively  connected  with  this  nerve  than  is 
usually  the  case.  The  nerve  which  Miiller  marks  7,  and  calls 
the  ''ophthalmic  branch  of  the  fifth,"  but  which  he  does  not 
seem  to  have  followed  to  the  brain,  I  see  no  reason  for  con- 
sidering as  other  than  what  one  would  naturally  suppose  it  to  be 
from  its  distribution  to  all  the  eye-muscles  except  the  rectus 
externtis,  ie.,  the  combined  third  and  fourth  nerves.  In  Miiller's 
figure  2  there  is  a  remarkable  point  of  difference,  inasmuch  ^q 
the  nerve  which  I  have  considered  in  the  former  figure  to  be  the 
proximal  part  of  the  portio  minor,  or  trigeminal  portion  of  the 
ramtis  ophthalmiaics  superfidalis,  is  entirely  omitted.  No  mention 
is  made  either  in  the  text  or  in  the  description  of  the  figures  of 
this  very  important  difference.  I  would  further  notice  that, 
although  the  two  figures  in  question  are  drawn  of  the  same  size 

^  Stieda,  loc  eU,  p.  174. 

*  StaDnitts,  Das  peripheriache  Nervensystem  der  Fiache,  p.  19. 

^  For  the  nomenclature  of  these  ophthalmic  nerves,  vide  MarshaU  and  Spencer, 
''Observations  on  the  Cranial  Nerves  of  Scyllium,"  part  i,  Qvuvrl,  Jinum.  of 
Micros,  Science,  July  1881. 
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and  to  the  same  scale,  yet  that  the  relative  proportions  of  the 
several  nerves,  and  more  especially  the  extent  to  which  they 
are  fased  with  one  another,  are  so  very  different  in  the  two  cases 
that  one  is  driven  to  suppose  either  that  the  figures  are  taken 
from  different  specimens,  in  which  case  there  must  be  consider- 
able individual  variability  in  the  very  points  alleged  to  be 
exceptional,  or  else  that  one  or  other  of  the  figures  is  taken 
from  an  incomplete  dissection. 

The  above  considerations  lead  to  the  conclusion  that,  in  the 
absence  of  direct  confirmation,  Muller^s  account  of  the  eye- 
muscle  nerves  in  Zqndosieua  does  not  prove  that  they  are  in  any 
way  exceptional,  except  in  the  fact  of  the  third  and  fourth 
nerves  entering  the  orbit  as  one  trunk. 

Very  important  information  concerning  these  nerves  in 
Zqndodeus  has  recently  been  afforded  by  Schwalbe,  who  finds, 
from  a  careful  examination  of  the  nerves  and  brain,  that  bath  the 
third  andfovHh  nerves  have  independent  origins  from  the  brain ;  ^ 
a  fact  which,  as  in  the  case  of  Fetromyzon,  must  be  held  to  con- 
clusively prove  that  such  connection  as  may  actually  occur 
between  the  fifth  nerve  on  the  one  hand,  and  the  third  and 
fourth  on  the  other,  beyond  their  roots  of  origin,  is  of  a  purely 
secondaiy  character,  and  that  it  does  not  in  the  very  slightest 
degree  militate  against  the  claims  of  the  third  and  fourth  to  rank 
as  independent  cranial  nerves. 

4.  Tdeostei. — ^The  only  recorded  instances  that  I  can  find  of 
deviation  from  the  normal  arrangement  of  the  eye-muscle  nerves 
among  osseous  fish  are : — 

(a)  AmMyopsis,^  the  blind  fish  of  the  Mammoth  cave  of  Ken- 
tucky, in  which  the  eyes  aro  rudimentary  and  functionless,  and 
the  eye-muscle  nerves,  as  might  be  expected,  absent 

(b)  SUurusglaniSy  in  which,  according  to  Stannius,'  the  eyes  are 
small,  the  eye-muscles  very  slender,  and  the  eye-muscle  nerves 
outside  the  skull  closely  united  with  the  ophthalmic  branch  of 
the  fifth.  Stannius  points  out,  however,  that  careful  examina- 
tion shows  that  all  three  nerves  arise  independently  from  the 

^  Schwalbe,  Das  Ckmglion  Ooulomotorii,  pp.  28,  72,  and  73. 
'  Noticed  by  Stanniiu,  Dm  paripheriacke  Nervtntystmn^  p.  18  ;  and  Schwalbe, 
loe.  cU,  p.  71. 
*  Stannins,  op.  eU,  pp.  18,  19. 
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braiu  at  the  normal  situations,  and  expressly  notices  that,  but 
for  the  discovery  of  these  extremely  slender  roots,  the  eye- 
muscle  nerves  of  SUurus  would  have  been  beyond  all  doubt 
described  as  branches  of  the  fifth  nerve.  It  is  of  course 
probable  that  in  the  other  species  of  blind  fish,  whether  living; 
in  caves,  as  TypMicJUhys,  Stygicola.  Oronias,  Ailia,  &c.,  or  living 
at  great  ocean  depths,  as  the  Scopdidcp,  the  eye-muscle  nerves 
are,  as  in  Amblyopsis  spdceus,  rudimentary  or  absent ;  but  it  will 
be  sufficiently  evident,  from  what  has  been  already  said,  that 
neither  these  blind  fish  nor  such  cases  as  Silwnis  tell  in  any 
way  against  the  independent  rank  of  the  eye-muscle  nerves. 

5.  Dipnoi, — In  his  account  of  the  African  Lepidosiren  {Pro- 
topterus)  annectms,  Prof.  Owen^  notices  that  the  optic  nerves 
"are  remarkably  small,  in  correspondence  with  the  feebly- 
developed  organs  of  vision;"  also  that  the  eyeball  "has  no 
special  muscles,  whence  the  absence  of  the  third,  fourth,  and 
fifth  cerebral  nerves." 

According  to  Hyrtl  ^  in  the  South  American  form,  Lepidosiren 
paradaca,  in  which  also  the  eyes  are  very  small,  the  four  recti 
muscles  are  present,  but  the  two  oUiqwi  not  represented.  The 
eye-muscle  nerves  were  not  found,  but  were  believed  to  be 
replaced  by  two  fine  branches  of  the  ophthalmic  division  of  the 
fifth  nerve,  which  branches,  however,  were  not  traced  into  the 
recti  muscles. 

Prof.  Humphry's*  description  of  Lepidosiren  {Protopterus) 
auTiectens  very  closely  agrees  with  Hyrtl's  of  i.  paradoxa  in* 
the  points  with  which  we  are  now  concerned.  He  finds, 
contrary  to  Owen,  that  the  four  recti  muscles  "  may  clearly  be 
distinguished,"  though  there  are  no  oUiqid.  *'  Special  nerves  to 
these  muscles  (the  third,  fourth,  and  sixth)  were  not  found ; " 
but  the  ophthahnic  division  of  the  fifth  is  described  as  giving  off 
in  the  orbit  "  ciliary  and  oculo-motor  nerves,"  which,  however, 
do  not  appear  to  have  been  traced  to  their  distribution. 

Gegenbaur^  simply  quotes  Hyrtl  to  the  effect  that  all  three 

^  Owen,  "Deacription  of  the  Lepidosiren  annedenSf**  Trans,  Lmncean  SoCy 
Tol.  xviiL  1839,  p.  840. 

*  Hyrtl,  *'It^pidosiren  paradoxaf^*  Prag.  1846,  p.  44. 

^  Humphiy,  ObservaHons  in  Myology,  1872 ;  Ths  Muscles  of  Lepidosiren  annec- 
tens  with  the  Cranial  Nerves,  pp.  77  and  79« 

*  Gegenbanr,  ffexanchus,  p.  549. 
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eye-muscle  nerves  are  represented  by  branches  of  the  fifth ; 
which,  however,  is  a  wider  and  more  positive  statement  than 
Hyrtl  really  mada 

Stannias^  also  states,  on  Hyrtl's  authority,  that  the  eye- 
muscle  nerves  have  no  independent  roots ;  and  Huxley  *  notes 
that  in  LqncUmren  "  the  three  motor  nerves  of  the  eyeball  are 
completely  fused  with  the  ophthalmic  division  of  the  fifth,"  a 
condition  which  he  is  disposed  to  view  as  the  most  primitive 
arrangement  met  with  among  vertebrates. 

In  considering  what  importance  is  to  be  attached  to  this 
often-quoted  exception  to  the  general  rule,  we  have  first  to 
notice  that  we  are  dealing  with  animals  in  which  the  eyes  are 
**  very  small "  and  "  feebly  developed ; "  secondly,  that  the  eye- 
muscles  are  so  small  that  their  very  existence  was  not  only 
overlooked,  but  expressly  denied,  by  so  competent  an  anatomist 
as  Prof.  Owen ;  thirdly,  that  the  two  anatomists,  Hyrtl  and 
Humphry,  who  have  described  these  muscles,  agree  in  saying 
that  the  recti  muscles  are  alone  present,  a  condition  clearly  not 
fully  realised  by  those  who  state,  on  Hyrtl's  authority,  that  the 
fourth  nerve  is,  like  the  third  and  sixth,  represented  by  a  branch 
of  the  fifth;  fourthly,  that  in  neither  of  the  cases  mentioned 
were  the  nerves  actually  traced  into  the  muscles  in  question. 

To  these  points  we  must  add  one,  urged  with  great  force  by 
Schwalbe,^  and  which  acquires  much  weight  from  the  cases  of 
Petromyzon  and  Lepidosteus  already  considered,  viz.,  that  a 
sufficiently  careful  examination  of  the  brain  has  not  been  made 
to  render  us  certain  as  to  the  alleged  absence  of  independent 
roots  of  origin  for  such  of  the  eye-muscle  nerves  as  may  be 
present 

The  importance  of  Schwalbe's  warning  is  strikingly  exempli- 
fied by  the  recent  observations  of  Wiedersheim^  on  the  nervous 
system  of  Lepidosiren  (Protoptertui)  armectens,  Wiedersheim 
describes  a  moderately  long  but  exceedingly  slender  nerve 
which  leaves  the  skull  through  a  special  foramen  in  front  of 
that  of  the  fifth,  and  loses  itself  in  the  eye-muscles  in  a  manner 

1  Stannins,  Dcu  peripherische  NervensysUm,  p.  18. 
'  Huxley,  Anatomy  of  VertebraUd  Ammals,  p.  78,  note. 
'  Schwalbe,  Daa  Oanglion  Oeulomotorii,  p.  72. 

^  Wiedersheim,  Morphologische  Stvdien,  Heft  1;  IIL  Das  Skelet  und  Nerven- 
system  von  Lepidoaireu  annectens,  1880. 
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he  was  unable  to  determine  with  certainty.  In  spite,  however, 
of  taking  "all  conceivable  pains,"  he  was  unable  to  ascertain 
whether  this  hitherto  overlooked  eye-muscle  nerve  arises 
independently  from  the  brain,  or  is  a  mere  branch  of  the  fifth, 
though  he  is  inclined  himself  to  regard  it  as  an  independently 
arising  third  nerve. 

Under  these  circumstances,  and  especially  when  we  consider 
Wiedersheim's  discovery  of  a  distinct  eye-muscle  nerve,  and  his 
statement  of  the  extreme  difficulty  he  experienced  in  tracing  this 
nerve  e^en  to  the  limited  extent  which  he  succeeded  in  doing,* 
we  must,  I  think,  conclude  that,  whatever  subsequent  investiga- 
tion may  tell  us,  Lepidosiren  at  present  offers  no  definite  or 
reliable  evidence  against  the  statement  that  the  eye-muscle 
nerves  are  independently  arising  nerves  in  all  vertebrates  in 
which  the  eye-muscles  themselves  are  present. 

6.  Amphibia. — Statements  of  exceptional  innervation  of  one  or 
more  of  the  eye-muscles  among  Amphibia  are  by  no  means  un- 
common ;  and  though  I  have  devoted  some  time  to  making  my 
list  as  complete  as  possible,  I  am  far  from  certain  that  I  have 
succeeded  in  collecting  all  the  alleged  cases.  The  following  list 
includes  all  I  have  been  able  to  refer  to,  and  certainly  all  that  are 
mentioned  in  the  standard  works  and  papers  on  the  subject : — 

A.  Apoda  {GymTwphiona). — ^Wiedersheim,  in  his  monograph 
on  this  group,^  mentions  that  in  GascUia  the  eye-muscles  are 
present,  but  of  exceedingly  small  size,  so  small  indeed  that  he 
could  not  make  out  either  their  number  or  arrangement ;  neither 
was  he  able  to  ascertain  anything  concerning  their  innervation ; 
indeed,  he  makes  no  mention  whatever  of  the  eye-muscle  nerves. 
Fischer  ^  also  failed,  from  his  dissection  of  a  single  specimen,  to 
make  out  anything  definite  concerning  the  eye-muscle  nerves. 
Inasmuch  as  the  eyes  of  CcecUia  are  very  small,  it  would  seem 
probable  that  we  have  here  another  instance  of  rudimentary  eyes, 
accompanied  very  possibly  by  reduction  in  the  number  of  eye- 
muscles  ;  and  we  have  already  seen  that  the  evidence  yielded 
by  such  cases  cannot  be  accepted  as  in  any  way  affecting  the 
question  of  the  primitive  independence  of  the  eye-muscle  nerves. 

1  Wiedersheim,  Die  AmUomie  der  OymnophioMn,    JeauL,  1879,  pp.  55,  56, 

and  61. 
8  Fischer,  op.  cU,  p.  47. 
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B.  Caudata  (Urodela), 

{a)  Proteus, — The  specimen  of  Proteus  dissected  by  Rscher^ 
was,  like  that  of  CoBcilia,  too  imperfectly  preserved  to  pennit 
him  to  make  any  positive  statement  concerning  the  eye- 
muscle  nerves ;  indeed,  he  calls  attention  to  and  expressly 
regrets  his  inability  to  determine  whether  these  nerves  are 
present  or  absent.  The  eyes  of  this  cave-dwelling  amphibian 
are  situated  beneath  the  skin,  and  are  of  very  rudimentary 
structure,  being  arrested  at  what  is  in  other  vertebrates  a  very 
early  embryonic  condition.^  As  has  been  pointed  out  by 
Schwalbe,^  Fischer  does  not  in  any  way  deny  the  existence  of 
eye-muscle  nerves,  but  merely  records  his  inability  to  find  them 
in  a  very  imperfectly  preserved  specimen. 

(b)  SaiamaTidra  and  Triton. — I  take  these  two  genera  some- 
what out  of  their  proper  zoological  order,  because  they  afford 
perhaps  the  most  widely-known  and  frequently-quoted  examples 
of  abnormal  innervation  of  the  eye-muscles — ^instances  which 
must  accordingly  be  carefully  considered. 

Fischer,  who  was  the  first  to  draw  attention  to  the  point,^ 
states  that  in  ScUamandra  and  Triton  the  third  nerve,  though 
rising  independently  from  the  brain,  only  supplies  three  of  the 
eye-muscles — ^the  rectris  intermis,  rectus  inferior,  oUiquus  inferior 
— ^the  rectus  superior  receiving  a  special  branch  from  the  ''  nasal 
division''  of  the  fifth,  which  branch  is  absent  in  Anv/ra  in 
which  the  innervation  is  normal.  In  discussing  the  importance 
of  this,  he  says : — "  Qwid  igitwr  veri  possit  esse  similivs,  qaam 
quod  partium  duarum,  m  guas  penes  Salanumdrina  divisum 
sit  oculomotorius,  altera  eandem,  qv/vm  in  EcaudaJtis  retinnsrit 
formam,  altera  cu/m  TrigemMU)  se  confimxeritf"  The  fourth 
nerve  in  the  same  two  genera,  according  to  Fischer,  "  seems  to 
have  coalesced  with  the  fifth  pair ; "  at  any  rate,  he  was  unable 
to  discover  any  independent  nerve,  and  the  ohliqmLS  superior 
muscle  is  supplied  by  the  "  nasal  branch "  of  the  fifth.  The 
sixth  nerve  is  perfectly  normal  both  in  its  origin  and  distribu- 


^  Fischer,  op,  cU,  pp.  86  and  47. 

'  For  a  description  and  figure  of  the  eye  of  FroieuB^  vide  Semper,   AniTnal 
Lifty  International  Science  Series,  pp.  78,  79. 
'  Schwalhe,  Dca  Oanglian  OcuUrniotorii,  p.  72. 
^  Fischer,  op.  cU.  pp.  24,  25,  82,  and  47. 
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tion ;  it  passes  very  close  to  the  Gasserian  ganglion,  but  is  reall} 
distinct  from  it,  and  leaves  the  skull  by  an  aperture  distinct 
from  that  of  the  fifth. 

Fischer's  careful  descriptions,  which  have  the  great  advantage 
of  being  illustrated  by  as  careful  figures,^  have  been  referred  to 
by  many  writers — Stannius,^  Gegenbaur,'  Hofimann,^  Stieda,*^ 
&C. — who,  however,  have  added  nothing  to  our  knowledge  on 
the  subject  from  direct  observations  of  their  own. 

Schwalbe,^  who  appears  to  be  the  only  anatomist  since 
Fischer's  time  who  has  directly  investigated  this  interesting 
point,  has  furnished  additional  information  of  great  value  con- 
cerning it.  He  finds,  in  confirmation  of  Fischer's  statement, 
that  the  nerve  to  the  rectus  superior  muscle  is  derived,  not  from 
the  third  nerve,  but  from  the  "  nasal  branch  "  of  the  fifth ;  but 
points  out  that  before  this  nerve  is  given  off  the  third  and  nasal 
nerves  cross  and  lie  in  very  close  contact  with  one  another. 
He  considers  it  probable  that  at  this  point  there  is  direct  con- 
nection between  the  two,  although  he  was  unable  to  prove  it ; 
and  he  accordingly  supports  the  view,  held  also  by  Fischer  and 
Stannius,  that  the  supply  of  the  rectus  superior  by  the  fifth  is 
only  apparent  and  due  to  the  close  connection  and  partial  fusion 
of  the  third  and  fifth  nerves  at  this  point  of  crossing. 

Concerning  the  fourth  nerve,  Schwalbe's  results  are  more 
positive,  and  of  great  importance.  He  finds  that  although  in 
the  majority  of  specimens  of  Saiamandra  maculosa  he  dissected 
the  arrangement  described  by  Fischer  obtained,  the  nerve  to  the 
obliquus  superior  appearing  as  a  branch  of  the  nasal  nerve,  yet 
that  in  some  cccses,  one  of  which  he  figures,^  the  fourth  m/iy  be  a 
completely  independent  nerve,  arising  from  the  brain  in  the  normal 
position. 

Beviewing,  then,  these  much-quoted  cases  of  Salammvdra  and 
Triton,  we  find  that  Fischer's  account  of  the  anatomical  arrange- 
ment of  the  nerve  is  confiimed  by  Schwalbe.    We  find  that  the 

*  Fischer,  op.  ci^.,  tab.  ii.  fig.  2  (Saiamandra^  and  fig.  8  {TrUon), 
'  Stannins,  Das  peripTierisehe  Nervensysteniy  p.  19. 

>  Gegenbaur,  Hexanchus,  p.  549,  note  1. 

^  Hoffmann,  Bronn^s  Thierreich,  Bd.  vL  heft  ii.  Amphibia,  p.  204. 

^  Stieda,  loc.  cit.  p.  174. 

•  Schwalbe,  Das  Oanglion  (kulomatorii,  pp.  26-27. 

7  Schwalbe,  Das  Ganglion  Oculomotorii,  Tab.  xiii  fig.  18. 
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sixth  nerve  is  perfectly  independent  both  at  its  root  and  along 
its  whole  course — ^is,  in  fact,  in  every  way  normal.  That  the 
fourth  nerve  is,  as  a  rule,  an  apparent  branch  of  the  "nasal 
branch ''  of  the  fifth,  but,  at  least  in  Salamwndra,  may  be  not 
uncommonly  an  independent  nerve,  normal  in  every  respect. 
That  the  third  nerve  always  arises  independently  from  the  brain ; 
that  it  crosses  the  "  nasal  branch "  of  the  fifth,  lying  in  close 
contact  with  it  as  it  does  so;  and  that  it  supplies  only  three 
muscles — ^the  rectus  internvs,  rectus  inferior,  and  Migwis  inferior 
— the  reetibs  superior  receiving  its  branch  from  the  "  nasal  nerve," 
aTid  this  hranck  coming  off  heyond  the  point  of  crossing  of  the  third 
and  nasal  nerves;  and  that  this  condition  of  things  is  inter- 
preted by  both  the  writers,  who  have  investigated  it  directly — 
Fischer  «uid  Schwalbe — as  merely  implying  that  the  third  nerve 
has  become  partially  fused  with  the  fifth. 

Concerning  this  "  nasal  nerve,"  from  which,  in  the  two  genera 
in  question,  the  branch  to  the  rectus  superior  always,  and  that  to 
the  oUiquus  superior  usually,  arises,  there  is  a  further  point  of 
importance.  Schwalbe  ^  has  attempted  to  prove  that  this  "  nasal 
nerve  "  really  corresponds,  in  part  at  least,  to  the  ramvs  ophthal- 
micus profundus  of  Selachians.  The  point  could  only  be  decided 
by  a  study  of  the  development  of  this  nerve  in  Urodda,  of  which 
at  present  we  know  nothing ;  but  should  Schwalbe  prove  to  be 
correct,  the  very  slight  amount  of  deviation  from  the  normal 
condition  which  we  have  found  to  be  all  that  really  occurs 
in  Salamandra  and  Triton  would  be  still  further  reduced;  for 
embryology  teaches  us  that  the  ramus  ophthalmicus  prof undus  of 
Selachians  is  really  a  connecting  branch  between  the  third  and 
fifth  nerves,  which  cannot  be  said  to  belong  distinctly  to  either 
one  or  the  other,  and  that  the  portion  of  this  nerve  beyond  the 
point  at  which  it  crosses  the  third  nerve,  from  which  portion  we 
have  seen  that  the  branch  to  the  recttcs  superior  arises,  has 
nothing  whatever  to  do  with  the  fifth,  but  belongs  really  to  the 
third  nerve.2 

From  what  has  been  said  above,  I  think  that  no  other  conclu- 

^  Schwalbe,  Das  Oanglion  Oculomotoriif  p  26. 

'  Marshall,  **  Head  Cavities  and  Associated  Nerves  of  Elasmobranchs,"  Quart, 
Jowm,  of  Micros,  Sdenee,  January  1881,  p.  89 ;  and  Marshall  and  Spencer, 
"  Cranial  Nerves  of  Scyllium,"  Quart.  Joum.  of  Micros,  Science,  July  1881,  pp. 
494  M^. 
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sion  can  be  drawn  than  that  the  cases  of  Salamandra  and  Triton 
do  not  afford  any  reason  for  regarding  the  eye-muscle  nerves  as 
other  than  independent  and  constant  nerves. 

(c)  MenohrancMis, — Gegenbaur  ^  states,  on  Fischer's  authority, 
that  in  Menohrwnchus^  as  in  Salamavdra  and  Triton,  the  fourth 
nerve  is  replaced  by  a  branch  of  the  fifth.  I  have  been  unable 
to  refer  to  Fischer's  account,  so  that  any  discussion  of  the  case 
would  be  unprofitable.  It  is,  however,  very  possible  that  the 
condition  is  really  what  Schwalbe  has  shown  to  occur  in  SaiUi' 
nmndra. 

(d)  Siredon.^^TiacheT^  has  established  that  the  third  and  fourth 
nerves  are  normal  in  origin  and  distribution,  but  was  unable  to 
make  out  anything  definite  concerning  the  sixth  nerve. 

(e)  Cryptobrandms, — Schmidt,  Goddard,  and  V.  d.  Hoeven  are 
quoted  by  Hofimann  ^  as  stating  that  in  the  Cry ptobranch  the 
third  and  fourth  are  independent  nerves,  but  that  the  sixth  is 
a  branch  of  the  nasal  division  of  the  fifth. 

Professor  Humphry^  remarks  that  the  dissection  of  the 
cranial  nerves  is  difiBcult,  on  account  of  the  ''  tough  areolar  tissue 
of  the  animal  and  the  numerous  accompanying  veins."  He  was 
unable  to  "discover  the  third,  fourth,  or  sixth  nerves  in  the 
orbit."  The  third  and  fourth  were,  however,  found  in  the  cranial 
cavity,  but  not  the  sixth. 

Here,  again,  our  information  is  too  imperfect  to  allow  definite 
conclusions  to  be  drawn.  If  the  sixth  nerve  really  appears  as  a 
branch  of  the  fifth,  it  is  of  importance  to  note  that,  as  is  evident 
from  Professor  Humphry's  figure,  the  fifth  and  seventh  nerves 
are  quite  distinct  from  one  another — a  point  to  which  we  shall 
refer  when  considering  the  Anura. 

C.  Anura, — The  condition  of  the  eye-muscle  nerves  in  Anvra 
has  been  carefully  investigated  by  a  number  of  anatomists, 
notably  by  Fischer  ^  and  Schwalbe.*    The  results  of  these  investi- 

^  Gegenbaur,  ffexamhtu,  p.  549,  note  1. 

3  Fischer,  Anatomische  Ahhandlwngen  iibeir  die  Perennibranchiaten  und  DerO' 
tremen,  Hamburg,  1864,  p.  127. 

8  BromCa  Thierreich,  Bd.  vi. 

*  Humphry,  Observations  in  Myology^  p.  46,  and  pi.  iv.  fig.  22. 

B  Fischer,  Amphibiorwn  nudorum  Neurologias,  specimen  prinmmf  pp.  8-22  and 
45-48. 

«  Schwalbe,  Das  Oatiglion  OciUomotorii,  pp.  28-31. 
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gations  are  as  follows : — In  all  Anura  that  have  been  examined, 
the  third  and  fourth  are  distinct  and  independent  nerves,  with 
normal  origin  and  distribution.  In  Fdobates  and  BombincUor 
the  third  leaves  the  skull  by  the  same  foramen  as  the  fifth,  with 
which  it  is  in  very  close  contact,  though  the  two  nerves  are 
really  distinct. 

The  sixth  nerve  in  all  cases  has  an  independent  origin  from 
the  brain  in  the  normal  position.  In  Bufo}  the  sixth  nerve 
preserves  its  independence  along  its  whole  course,  and  is  in  all 
respects  perfectly  normal  In  the  other  Anura  examined — viz., 
Pi'pa^  Bana,  Felobates,  Bombinator,  and  Eyla — ^the  sixth  nerve, 
though  arising  independently,  unites  with  the  Gstsserian  ganglion, 
and  the  branch  to  the  rectus  extemvs  is  derived  from  the  '*  nasal 
branch  "  of  the  fif th.^ 

But  little  criticism  is  called  for  by  the  above  account.  As 
was  urged  in  the  case  of  Lepidosiren,  the  presence  of  a  distinct 
root  of  origin  in  the  normal  position  must  be  held  to  prove  that 
the  sixth  nerve  is  in  the  cases  quoted  above  really  an  inde- 
pendent nerve,  in  spite  of  its  apparent  fusion  with  the  fifth  at 
the  Gasserian  ganglion.  The  fact  that  the  sixth  in  an  allied 
genus  (Bufo)  retains  its  independence,  is  an  additional  argument 
in  favour  of  the  fusion  being  secondarily  acquired ;  and  this  view 
must  be  considered  to  be  established  by  the  statement  made  by 
Stannius,*  on  Fischer's  authority,  that  the  sixth  nerve  is  inde- 
pendent of  the  fifth  in  the  larval  stages  of  those  forms  which, 
when  adult,  have  the  two  nerves  fused. 

This  concludes  the  list  of  recorded  instances  of  exceptional 
innervation  of  the  eye-muscles.  Leaving  out,  as  we  are  fairly 
entitled  to,  the  cases  of  Amphioanis  and  of  those  forms  in  which, 
as  in  Aniblyopsis,  the  eyes  are  rudimentary  and  functionless ; 
the  results  of  an  examination  of  the  remaining  instances  may  be 
stated  thus : — 

^  Fischer,  op,  dt.  p.  6,  and  tab.  ii.  fig.  1. 

'  Of,  Fischer,  op.  eit.  pp.  3-22,  and  tab.  i.  fig.  2  (Ifyla)  fig.  3  {BoTnMnaior), 
fig.  4  (Felobates) ;  and  tab.  ii.  fig.  1  (Pipa),  fig.  4  (JRana) ;  also  Wyman, 
Anatomy  of  the  Nervous  System  of  JRana  pipens.  New  York,  1863,  pp.  26-28  ; 
also  Wiedersheim  in  Eoker's  Anatomie  des  FrosckiSf  Zweite  Abtheilung,  1881, 
pp.  20-21. 

^  Stannius,  Handbuch  der  Zooiomie,  Zweites  Bach,  Die  Amphibien,  1856, 
p.  150,  note  3. 


336  DB.  A.   MILNES  MABSHALL. 

1.  That  in  no  single  instance  has  it  been  established  that  any 
one  of  the  eye-muscle  nerves  is  replaced  by  a  branch  of  the 
fifth,  or  of  any  other  nerve — the  cases  in  which  this  is  alleged 
to  occur  being  far  more  naturally  explained  by  supposing  partial 
fusion  between  the  nerves  concerned  to  have  occurred. 

2.  That  in  the  alleged  cases  of  replacemeut  of  one  or  more  of 
the  eye-muscle  nerves  by  a  branch  of  the  fifth  nerve,  the 
"  branch  of  the  fifth "  in  question  ia  very  probably  the  ramus 
ophthoUmicm  profwndus,  which  is  really  a  communicating  nerve 
between  the  third  and  fifth,  belonging  as  much  to  one  as  to  the 
other  in  its  posterior  portion,  and  in  its  anterior  part  belonging 
exclusively  to  the  third. 

3.  That  the  instances  in  which  the  absence  of  one  or  other  of 
the  eye-muscle  nerves  has  been  alleged  are  either,  as  in  Petro- 
myzony  LepidosteuSy  Fipa,  ffyla,  &c.,  cases  in  which  the  nerves  in 
question  arise  from  the  brain  in  a  perfectly  normal  manner,  and 
after  running  a  certain  distance  within  the  skull  become  con- 
nected more  or  less  intimately  with  the  fifth  nerve ;  or  else  cases 
in  which,  as  in  Lepidodren,  the  eyes  are  small,  the  eye-muscles 
imperfectly  developed,  and  the  descriptions  of  their  anatomy 
incomplete  and  unsatisfactory. 

4.  That  such  cases  do  not  in  any  way  invalidate  the  proposi- 
tion that  the  third,  fourth,  and  sixth  are  independent  nerves 
throughout  the  vertebrate  sub-kingdom. 

I  propose  now  to  consider  briefly  the  leading  features  exhi- 
bited by  the  eye-muscle  nerves  individually. 

III.  The  Third,  or  Oculomotor  Nerve. — Since  the  third  nerve 
is  found  to  be  an  independent  nerve  throughout  the  vertebrate 
series,  it  becomes  of  interest  to  inquire  whether  or  not  it  pos- 
sesses segmental  value. 

Observations  by  dififerent  investigators  during  the  last  few 
years  have  tended  very  strongly  to  support,  if,  indeed,  they  may 
not  be  said  to  have  established,  the  claim  of  the  third  nerve  to 
rank  among  segmental  nerves.  Inasmuch  as  this  point  has  been 
very  fully  discussed  recently  ^  I  do  not  propose  to  go  over  the 

^  Marahall,  "  Development  of  CTaniai  Nerves  in  Chick,"  Quart,  Joum,  of 
Micros.  Sciefice,  January  1878,  pp.  23-27 ;  and  "  Head  Cavities  and  Associated 
Nerves  of  Elasmobranchs,"  Q^art.  Joum.  of  Micros.  Science,  January  1881,  pp. 
78-83  ;  also  Schwalbe,  Das  Oanglion  Oculomotorii. 
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whole  of  the  evidence  here,  but  shall  merely  apply,  in  a  some- 
what summary  manner,  the  several  tests  of  segmental  value  in 
the  order  given  on  a  previous  page.* 

1.  Though  the  earliest  stages  of  development  of  the  third 
nerve  have  not  yet  been  ascertained  with  precision  in  any  case, 
yet  there  is  very  strong  reason  for  thinking  that  in  the  chick, 
at  any  rate,  the  third  nerve  develops,  like  the  hinder  cranial 
nerves  and  the  posterior  roots  of  the  spinal  nerves,  as  an  out- 
growth from  the  neural  crest  on  the  top  of  the  mid-brain.^ 

2.  Inasmuch  as,  at  a  rather  later,  though  still  early  period — 
about  the  sixtieth  hour  in  the  chick,  and  stage  K  of  Balfour's 
nomenclature  in  the  dog-fish— the  third  nerves  arise  from  the 
base  of  the  midbrain,  very  near  the  mid-ventral  line,  it  is  clear 
that,  if  the  observations  on  the  earlier  stages  are  correct,  the  roots 
must  shift  downwards  at  an  early  period,  and  to  an  extent 
unequalled  by  any  other  nerva 

KoUiker  has  described  the  later  stages  of  this  shifting,  as  seen 
in  rabbit  embryos,  as  follows :  * — In  an  embryo  12  days  5  hours 
old,  and  7  mm.  long,  the  third  nerve  arose  from  the  mid-brain, 
not  from  its  ventral  surface,  but  about  half-way  up  its  side; 
later  on  it  shifts  ventralwards,  "like  the  ganglionated  cranial 
nerves  and  the  sensory  spinal  roots,''  being  found  on  the  ventral 
surface  of  the  mid-brain  in  an  embryo  of  the  14th  day,  and 
15  mm.  long. 

3.  The  course  of  the  main  stem  of  the  nerve  is  (fig.  8,  lY.)  at 
right  angles  to  the  axis  of  the  head  at  the  point  of  origin  of  the 
nerve. 

4.  Morphologists  are  very  far  from  agreeing  as  to  the  existence 
of  a  visceral  cleft  in  front  of  the  mouth,  so  that  it  would  be 
premature  to  discuss  the  relations  of  the  third  nerve  to  this 
"  lachrymal  cleft,"  for  whose  existence  there  is,  however,  much 
to  be  said.  Concerning  the  head  cavities,  however,  the  evidence 
yielded  by  the  third  nerve  is  of  a  perfectly  definite  and  con- 
vincing character.  The  nerve  in  Elasmobranchs  passes  down- 
wards and  backwards  from  its  root  of  origin  to  the  interval 

^  Supra,  p.  818. 

^  Of.  Balfour,  Comparative  Embryology,  yoI.  ii.  p.  879. 
>  Kolliker,   BnttoieklungsgMehichte  des  Mevuchen  und  der  hfiherm    Thiere 
Zweite  Anflage,  1879,  p.  618. 
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between  the  dorsal  ends  of  the  first  and  second  headK^avities, 
where  it  expands  into  a  ganglionic  swelling — ^the  ciliary 
ganglion.  Beyond  this  point  the  main  trunk  of  the  nerve 
passes  down  between  the  two  cavities,  the  relations  of  the  third 
nerve  to  the  first  and  second  cavities  being  precisely  the  same  as 
those  of  the  fifth  nerve  to  the  second  and  third  cavities} 

5.  As  just  noticed,  there  is  a  very  evident  ganglionic  swelling 
at  the  point  of  division  of  the  third  nerve  into  its  two  main 
branches. 

These  considerations  are,  I  think,  when  taken  in  conjunction 
with  its  previously  established  constancy  throughout  the  verte- 
brate series,  sufficient  to  establish  the  proposition  that  the  third 
nerve  is  of  segmental  natura  The  further  question,  whether 
the  third  represents  an  entire  segmental  nerve,  or  only  a 
portion  of  one,  will  be  best  answered  by  considering  the  fourth 
nerve. 

IV.  The  Fourth  or  Trochlear  Nerya — ^Having  established 
the  constancy  of  this  nerve,  we  have  now  to  consider  its  morpho- 
logical import.  Concerning  its  development  we  know  very 
little,  but  that  littler  is  of  importance.  In  the  dog-fish  it  has 
been  shown  ^  that  the  fourth  nerve,  at  the  earliest  period  at 
which  it  has  been  recognised,  arises  from  the  brain  at  the  same 
spot  as  in  the  adult,  i.e.,  the  dorsal  surface  of  the  hinder  end 
of  the  mid-brain ;  further,  that  its  course  is  from  the  first  that 
of  a  segmental  nerve. 

Now,  if  the  visceral  clefts  and  arches,  and  the  head  cavities 
give  us,  as  they  most  certainly  do,  reliable  clues  as  to  the  seg- 
mentation of  the  head,  then  it  is  seen  at  once  that  there  is  no 
room  for  a  segmental  nerve  between  the  third  and  fifth  rurves; 
and  therefore,  if  the  fourth  is  of  segm^TitcU  nature,  it  must  belong 
to  one  or  other  of  these  nerves. 

The  following  considerations  seem  to  point  very  strongly  to 
the  third  and  fourth  nerves  being  connected  together,  and  favour 
the  view  that  they  are  together  equivalent  to  a  segmental  nerva 

1.  The  two  nerves  in  question,  the  third  and  fourth,  both 

^  Marshall,  **  Head  Cavities  and  Associated  Nerves  of  Elasmobranchs,"  QuaH, 
Jowm,  of  Micros,  Science,  Jan.  1881,  pp.  78  »eq, 

'  MarshaU  and  Spencer,  ''Cranial  Nerves  of  Scyllium,"  Quart,  JounL  of 
Micros.  Science,  July  1881,  pp.  672-^74. 
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arise  from  the  mid-brain  or  middle  cerebral  vesicle.  Further- 
more, they  are  the  only  nerves  that  arise  from  this  division  of 
the  brain,  either  in  the  embryo  or  the  adult.  There  are 
independent  reasons  for  thinking  that  these  brain-vesicles  have 
s^mental  value  ;^  and  though  these  reasons  may  not  be  con- 
sidered conclusive  on  the  point,  they  nevertheless  lend  some 
support  to  the  view  that  the  two  nerves  arising  from  one  of 
these  vesicles  belong  to  the  same  segment. 

2.  The  third  and  fourth  nerves,  though  arising  separately  from 
the  brain,  may  be  connected  together  more  or  less  intimately 
beyond  their  roots  of  origin.  This,  for  instance,  is  a  marked 
fea^e  both  in  Petromyzon  and  Lqndosteus,  also  in  Salamandra 
and  Triton,  if  Schwalbe  is  correct  in  identifying  the  '*  nasal 

\  branch"  of  the  fifth  with  which  both  the  third   and   fourth 

nerves  are  connected  as  the  ramus  opMhcdmicus  profwvdus. 

3.  According  to  Meynert,^  the  third  and  fourth  nerves  arise 
in  the  adult  from  a  common  nucleus.  This  has,  however,  been 
denied  by  Forel,^  though  supported  by  other  investigators,  and 
probably  requires  confirmation. 

*  4.  The  fourth,  though  chiefly  known  as  a  motor  nerve,  is 

really  in  many  animals  a  nerve  of  mixed  function,  giving  off  in 
Selachians  and  AmphibianB^  sensory  branches  to  the  conjunctiva 
and  skin  of  the  upper  eyelid.  This  point  is  of  importance, 
because  if  the  third  and  fourth  are  together  eqivalent  to 
a  segmental  nerve,  it  would  be  only  reasonable  to  expect  that 
certain  of  its  fibres  should  be  sensory;  and  analogy  would 
certainly  lead  us  to  look  for  sensory  branches  in  the  portion 
^  with  the  more  dorsally  situated  root,  i.e,  the  fourth  nerve,  which^ 

as  we  have  just  seen,  does  actually  present  such  sensory 
fibres. 

5.  That  the  fourth  nerve  is  itself  not  an  entire  segmental 
nerve  is  rendered  probable  by  the  fact,  noticed  by  Schwalbe,  that 
it  has  no  ganglion,  and  is  strongly  supported  by  the  further  fact 

^  Vide  Foster  and  Balfour,  EUffMfnis  of  Embryology,  part  i.  p.  18S  ;  and  Mar- 
ahaU,  DeoehpfMTU  of  Nerves  in  Birds,  this  Journal,  vol.  xi.  p.  510. 

'  Meynert,  ''The  Brain  of  Mammals,"  StrUker^s  Histology,  New  Sydenham 
Society's  Translation,  vol.  ii.  pp.  444,  445. 

•  Forel,  Haubenregionen, 

*  Schwalbe,  Dcls  Ganglion  OeulomotarU,  p.  14  ;  Wiederaheim,  Morphologische 
Studien,  p.  21 ;  and  in  Ecker's  AiMtorMe  des  Frosches,  p.  24 ;  also  Ho£fmann, 
Bronn's  Thierreieh,  Bd.  vi.  p.  208. 
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that  the  third  nerve  almost  certainly  arises  at  first  from  the 
dorsal  surface  of  the  brain,  and  beyond  all  doubt  is,  during  its 
early  stages,  attached  much  higher  up  the  side  of  the  brain  than 
it  is  at  a  later  stage,  i,e,,  that  the  third  nerve  behaves  like  a 
posterior  spinal  root. 

Since,  as  we  have  seen,  there  is  no  room  for  a  separate  segmental 
nerve  between  the  third  and  the  fifth,  I  am  inclined  to  view 
the  third  and  fourth  nerves  as  together  equivalent  to  a  seg* 
mental  nerve,  which  has  divided  into  two  portions,  whereof  one 
— ^the  fourth — ^has  remained  in  its  primitive  position  on  the  top 
of  the  brain,  while  the  other — the  third — has,  like  the  other 
cranial  nerves  and  the  posterior  spinal  roots,  shifted  downwards, 
the  extent  of  the  shifting  being  greater  than  that  of  any  of  the 
other  nerves,  but  the  several  steps  of  the  process  probably  the  / 

same  as  in  these.  This  view  will  be  found  to  be  very  closely  in 
accordance  with  that  advocated  by  Schwalbe.^ 

V.  The  Fifth  or  Trigeminal  Nerve. — It  will  be  convenient 
to  continue  the  consideration  of  the  cranial  nerves  in  the  usual 
sequence,  and   to  take  the  remaining  eye-muscle  nerve — the  ^ 

sixth — after  the  trigeminal. 

The  fifth  nerve  completely  fulfils  all  the  conditions  of  a  true 
segmental  nerve.^  It  appears  very  early  as  an  outgrowth  from 
the  neural  crest.  The  root  of  origin  from  the  brain  shifts  down 
at  an  early  period,  acquires  a  secondary  attachment  to  the  side 
of  the  brain,  and  loses  its  primary  attachment  completely.  The 
direction  of  the  main  stem  is  at  right  angles  to  the  axis  of  the 
head  at  the  point  of  origin  of  the  nerve.  The  maxillary  and 
mandibular  branches  are  related  to  the  maxillo-mandibular  or 
buccal  cleft  in  the  manner  characteristic  of  the  posterior 
segmental  nerves,  as  was  first  pointed  our  by  Stannius.  The 
relations  of  the  fifth  nerve  to  the  second  and  third  head-cavities 
are  of  a  perfectly  typical  nature;    and  finally  a  ganglionic 

^  Schwalbe,  Das  Ghinglion  Oculomotorii,  pp.  77,  78. 

'  For  the  development  of  the  fifth  nerve  in  filasmobranchs,  vide  Balfour, 
Ehumotfranch  Fishes,  1878,  p.  196-198  ;  also  Marshall  and  Spencer,  "  Obser^ 
vations  on  the  Cranial  Nerves  of  Scyllium,"  Quart.  Joum,  of  Micros.  Science, 
July  1881,  pp.  474-479  ;  in  the  Chick,  vide  Marshall,  Quart.  Joum.  of  Micros. 
Sderice,  Jan.  1878,  pp.  28-82  ;  and  in  the  Rabbit,  Kolliker,  EfUwidtlungS' 
gssehiehU,  1879,  pp.  610-712. 
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enlargement — ^the  Gasserian  ganglion — is  present  in  the  nerve  a 
short  distance  above  its  division  into  the  two  main  branches. 

The  only  possible  donbt  as  to  the  independent  segmental  value 
of  the  fifth  nerve  hinges  on  the  fact  that  in  the  two  lower  classes 
of  vertebrates — Pisces  and  Amphibia — the  fifth  is  very  generally 
fused  more  or  less  completely  with  the  seventh  in  the  adult 
condition;  the  fusion  sometimes,  as  in  most  fishes,  involving 
the  roots  to  a  greater  or  less  extent,  sometimes,  as  usually  in 
Amphibians,  occurring  a  short  distance  beyond  the  roots  and 
close  to  the  Gasserian  ganglion. 

This  approximation  or  fusion  of  the  fifth  and  seventh  nerves 
has,  as  mentioned  above,  been  employed  by  J.  Muller,  Stieda, 
and  others,  as  an  argument  against  the  two  nerves  being  of 
independent  segmental  value. 

A  crucial  test  of  the  force  of  this  argument  is  afforded  by  a  study 
of  the  development  of  the  roots  of  the  two  nerves  in  Elasmo- 
branchs,  in  which  the  fusion  of  the  roots  in  the  adult  is  so  com- 
plete that  what  is  really  one  of  the  roots  of  the  seventh  has 
hitherto  been  almost  invariably  described  by  anatomists  as  a 
root  of  the  fifth.^  In  the  dog-fish  it  has  been  shown  that  the  two 
nerves,  though  so  intimately  connected  in  the  adult,  are  in  the 
early  embryonic  stages  perfectly  distinct  from  one  another,  and 
some  distance  apart,  as  far  from  one  another,  indeed,  as  they  are 
in  corresponding  stages  of  such  forms  as  the  chick  or  lizard  in 
which  they  remain  completely  separate  throughout  life;  and  that 
the  gradual  approximation  and  fusion  of  the  two  nerves,  which 
occur  during  the  later  developmental  stages,  all  the  steps  of 
which  have  been  traced,  must,  like  the  partial  fusion  which  we 
have  seen  may  occur  in  some  forms  between  the  third  and  fifth 
nerves,  be  viewed  as  purely  secondary  features. 

In  early  st^es  of  both  Tdeosteans  and  Amphibians,  I  have 
also  noticed  that  the  roots  of  the  fifth  and  seventh  nerves  are 
perfectly  distinct  from  one  another,  and  some  distance  apart, 
and  that  their  subsequent  approximation  must  accordingly  be, 
as  in  Elasmobranchs,  of  a  purely  secondary  nature. 

^  A  full  account  of  the  development  of  the  roots  of  the  fifth  and  seventh  nerves 
in  the  dog-fish,  and  of  the  relation  of  the  erobiyonic  to  the  adult  roots,  will  be 
found  in  the  paper  by  Mr.  Spencer  and  myself  quoted  above.  Quart  Joum,  of 
Micros.  Science,  July  1881,  pp.  482-486. 
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The  claim  of  the  fifth  nerve  to  rank  as  an  independent 
segmental  nerve  must,  I  think,  from  what  has  been  said  above, 
be  considered  as  definitely  established. 

VI.  The  Sixth  or  Abducent  Nerve. — ^The  proper  morpho- 
logical position  of  this  nerve  is  by  no  means  easy  to  determine 
with  any  degree  of  certainty ;  and  the  views  of  different  writers 
on  the  point  are  far  from  being  in  harmony  with  one  another. 

In  a  former  section  of  this  paper  we  have  established  the  fact 
that  the  sixth  is  an  independent  nerve  throughout  the  verte- 
brate sub-kingdom.  It  always  supplies  the  recttts  extenius 
muscle  of  the  eyeball,  and  may  supply  other  parts  as  well ; 
thus,  in  reptiles  it  supplies  the  retractor  muscle  of  the  bulb  of 
the  eye,  and  in  Batrachia  the  suspensor  muscle  of  the  bulb 
and  the  muscles  of  the  nictitating  membrane.^  In  all  cases  it 
is  a  purely  motor  nerve.  Indeed,  if  we  omit  the  eleventh  and 
twelfth  pairs,  which  are  not  constant  cranial  nerves,  the  sixth 
is  not  only  the  most  purely  motor  cranial  nerve,  but  the  only 
exclusively  motor  one  throughout  the  vertebrate  series. 

Its  point  of  origin  from  the  brain  in  adult  vertebrates  is  also 
a  remarkable  and  constant  one.  It  arises  from  the  under 
surface  of  the  medulla,  very  close  to  the  mid- ventral  line,  and 
vertically  below,  or  more  usually  slightly  posterior  to  the 
common  root  of  origin  of  the  seventh  and  eighth  nerves.  In 
some  cases  the  root  may  be  in  front  of  that  of  the  seventh 
nerve.  The  root  is  always  slender,  and  devoid  of  ganglion 
cells. 

Concerning  the  development  of  the  sixth  nerve,  we  unfortu- 
nately know  but  little.  At  the  fifth  day  in  the  chick,^  and  at  a 
corresponding  stage  in  the  dog-fish,^  it  has  been  detected  and 
described,  its  appearance  and  relations  being  practically 
identical  in  the  two  cases.  It  is  a  slender  nerve,  with  no 
ganglion  cells  at  any  point  in  its  length,  arising  from  the 
ventral  surface  of  the  hind-brain,  below  the  seventh  nerve,  by 

^  Stannius,  Handbuch  der  Zoatomie,  Zweite  Auflage,  Zootomie  der  Amphibien, 
1866,  p.  150. 

*  Marshall,  **  Development  of  Cranial  Nerves  of  Chick,"  Quart.  Jaum,  of 
Micros.  Science^  Jan.  1878,  pp.  28>26. 

3  Marshall,  ''  Head  Cavities  and  Associated  Nerves  of  Elasmobranchs,"  (^uart, 
Journ.  of  Micros.  Science^  Jan.  1881,  pp.  8d-98. 
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a  number  of  small  slender  roots,  and  running  forward  to  the 
rectus  extemus  muscle,  in  which  it  enda  The  roots  are  from  the 
earliest  period  at  which  the  nerve  can  be  recognised  dose  to 
the  median  ventral  line  (fig.  7,  YI.),  and  aome  distomce  hdow 
the  root  of  the  seventh  (fig.  7,  VII.),  from  which  they  are 
from  the  start  'perfectly  distinct.  So  far  as  can  be  inferred  from 
n^ative  eddence,  the  sixth  nerve  appears  to  develope  later 
than  the  seventh  and  other  segmental  nerves. 

From  the  above  account  it  is  clear  that  the  sixth  has  no 
claim  whatever  to  segmental  rank,  inasmuch  as  it  distinctly  fails 
to  answer  to  any  one  of  the  tests  of  such  rank  laid  down  on 
page  313.  It  does  nM  develope  from  the  neural  crest.  The 
roots  of  origin  do  not  shift  downwards,  but  are  from  their  first 

\  appearance  in  the  adult  position.    The  course  of  the  nerve  is 

nearly  parallel  to,  and  certainly  not  perpendicular  to  the  axis 
of  the  head.   It  has  not  the  definite  relations  to  the  visceral  clefts 
and  arches,  and  to  the  head  cavities,  characteristic  of  a  segmental 
nerve.    And  it  has  no  ganglion  cells  at  any  point  in  its  length. 
As  the  nerve  is  not  an  independent  segmental  nerve,  it  must 

^  either  belong  to  one  of  the  segmental  nerves  or  else  be  a  nerve 

of  altogether  exceptional  nature.  The  latter  supposition  should, 
I  think,  only  be  adopted  as  a  last  resource  if  all  the  other 
attempts  at  explanation  fail,  and  I  therefore  propose  now  to 
consider  the  relations  of  the  sixth  to  the  segmental  nerves,  or 
rather  to  the  fifth  and  seventh  nerves,  which  are  clearly  the 
only  ones  which  could  claim  it. 

By  the  majority  of  writers  who  have  discussed  this  point,  the 

-%  sixth  is  referred  to  the  fiftL    Thus,  Gegenbaur  considers  the 

sixth  to  be  an  independently  arising  motor  root  of  the  fifth,  a 
view  which  Schwalbe^  also  adopts.  Wiedersheim*  speaks  of 
the  fifth  and  sixth  nerves  as  together  making  up  a  segmental 
nerve ;  while  Huxley  ^  is  disposed  to  view  the  sixth  as  primarily 
part  of  the  fiftL 

Notwithstanding  the  weight  of  authority  against  me,  I  think 
that  the  sixth  nerve  should  be  grouped  with  the  seventh,  and 
not  with  the  fifth,  for  the  following  reasons : — 

^  Schwalbe,  Daa  Oanglion  Oeulomotorii,  p.  74. 
^  Wiedersheim,  Morpholigische  SttuUen,  p.  23. 
'  Huxley,  Anatomy  of  Fertebrated  Animals^  p.  73,  note 
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1.  Ill  the  early  stages  of  both  chick  and  dog-fish  the  roots  of 
the  sixth  are  completely  behind  those  of  the  fifth  neiva 
Indeed,  the  majority  of  the  roots  are  even  behind  the  roots  of 
the  seventh ;  and  although  a  transverse  section  may,  as  in  fig.  7, 
pass  through  the  roots  of  both  sixth  and  seventh  nerves,  yet  the 
root  of  the  sixth  in  such  a  section  ia  the  most  anterior  of  the 
series,  the  other  roots  being  further  back,  and  completely  behind 
the  seventh  root. 

2.  In  adult  vertebrates,  also  the  sixth  nerve  usually  arises 
beneath  or  slightly  behind  the  seventh,  very  rarely  in  front  of  it. 

3.  Though  the  sixth  nerve  may,  beyond  its  root,  be  closely 
connected  with  the  fifth,  yet  it  is  important  to  notice  that  ail 
the  cases — Petromyzon,  Lepidosirm,  Fipa,  Bana,  and  other  Anv/ra 
— Vfi  which  it  is  described  as  fusinff  with  the  fifths  are  also  cases 
in  which  the  seventh  and  fifth  nerves  are  very  closely  connected 
together,  so  that  the  connection  between  the  sixth  and  fifth  in 
these  instances  by  no  means  proves  that  the  sixth  belongs  to  the 
fifth,  but  is  more  probably  due  to  the  same  cause — ^whatever  it 
may  be — that  determines  the  approximation  or  fusion  of  the 
seventh  and  fifth  nerves. 

Concerning  the  actual  value  of  the  sixth  nerve,  I  see  no 
reason  to  alter  the  opinion  I  have  previously  expressed,  that  the 
sixth  nerve  may  be  regarded  as  having  the  same  relation  to  the 
seventh  that  the  anterior  root  of  a  spinal  nerve  has  to  its 
posterior  root.  I  shall  return  to  this  point  when  considering 
the  seventh  nerve. 

VII.  The  Seventh  or  Faoial  Nerve.— As  to  the  segmental 
value  of  the  seventh  nerve  there  can  be  no  doubt  whatever ;  for, 
like  the  fifth,  it  completely  and  indisputably  fulfils  all  the  con* 
ditions  of  a  segmental  nerve  laid  down  on  page  313. 

It  develops^  very  early  as  an  outgrowth  from  the  neural  crest 
on  the  dorsal  surface  of  the  hind-brain  (fig.  5) ;  at  an  early  stage 
the  nerve  acquires  a  new  or  secondary  attachment  to  the  side  of 
the  brain  (fig.  6) ;  but,  unlike  all  the  other  nerves,  cranial  or 

1  For  an  account  of  the  derelopment  of  the  seyenth  nerye  in  Elasmobnmehs, 
vide  Balfonr,  EUtainMlranch  Fishes,  1878,  pp.  198-202  ;  and  Marshall  and  Spencer, 
Quart.  Jowm,  Micros.  Science,  July  1881,  pp.  679-691 ;  in  the  Chick,  vide  Mar- 
shall, Quart.  Joum,  Micros.  Scietice,  Jan.  1878,  pp.  84>^6 ;  and  in  Mammals, 
Kolliker,  Eniwicklungsgeschichte. 
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spinal,  the  origiruU  or  primary  root  is  retained  as  well  as  the 
seooTida/ry  root ;  whereas  in  all  the  other  nerves  the  primary 
attachment  appears  to  be  lost  (figs.  3  and  4).  The  general 
course  of  the  nerve  is  at  right  angles  to  the  axis  of  the  head  at 
its  point  of  origin;  the  relation  of  its  branches  to  the  hyo- 
mandibular  cleft,  first  pointed  out  by  Stannius,  and  afterwards 
Insisted  on  by  Gegenbaur,  are  those  of  a  typical  segmental  nerve, 
as  are  its  relations  to  the  head  cavities ;  whilst,  finally,  it  is 
ganglionic  at  its  division  into  the  two  main  ventral  branches. 

As  to  the  independent  rank  of  the  seventh  nerve,  I  have 
already  discussed  fully  the  theory  that  the  seventh  and  fifth 
nerves  are  connected  together  primarily,  and  have  stated  the 
arguments  leading  to  the  conclusion,  that  although  in  many 
vertebrates — ^fishes  and  amphibians — the  two  nerves  are  more  or 
less  closely  fused  together,  yet  that  embryology  shows  that  this 
fusion  is  a  secondarily  acquired  character. 

The  relation  between  the  sixth  and  seventh  nerves  is  of  still 
greater  importance,  from  its  bearing  on  the  disputed  question  of 
whether  there  are  to  be  found  in  any  of  the  cranial  nerves  roots 
strictly  comparable  with  the  anterior  roots  of  the  spinal  nerves. 

In  dealing  with  this  question,  it  is  first  necessary  to  establish 
certain  general  conclusions  concerning  the  cranio-spinal  nerves. 
As  was  first  pointed  out  by  Balfour,  the  posterior  roots  of  the  spinal 
nerves  must  be  regarded  as  of  a  more  primitive  nature  than  the 
anterior  roots,  the  grounds  on  which  this  conclusion  is  based 
being  the  following : — 

1.  The  actual  mode  of  development  of  the  two  kinds  of  roots 
in  the  spinal  nerves.  As  noticed  in  a  previous  page,^  the 
posterior  roots  appear  before  the  anterior  ones,  and  are  also  in 
their  mode  of  development  of  a  more  primitive  character  than 
these  latter,  the  posterior  roots  consisting  at  first  entirely  of 
undifiPerentiated  spherical  or  polygonal  cells,  while  the  anterior 
roots  are  almost  from  their  first  appearance  fibrillar. 

2.  The  condition  of  the  nervous  system  in  ArwphioxuSy  in 
which,  as  conclusively  shown  by  Balfour,^  all  the  nerves  arise 
by  single  roots,  which  roots  correspond  to  the  dorsal  or  posterior 
roots  of  other  vertebrates,  and  which  must  clearly  in  Amphioxus 
be  of  mixed  motor  and  sensory  fimction. 

^  au,pra^  p  312.  '  Balfour,  EUumohtxmeh  Fishes,  p.  193. 
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From  these  facts  the  further  conclusion  is  drawn  "  that  primi- 
tively the  cranio-spinal  nerves  of  vertebrates  were  nerves  of  mixed 
function  with  one  root  only,  and  that  root  a  dorsal  one ;  and  that 
the  present  anterior  or  ventral  root  is  a  secondary  acquisition."  ^ 

Concerning  the  several  steps  by  which  these  anterior  roots 
have  been  acquired,  the  evidence  at  our  disposal  is  of  an 
imperfect,  and  in  great  part  merely  conjectural  character.  Still 
I  think  that,  though  we  may  not  be  able  to  solve  the  problem 
completely,  we  can  at  any  rate  define  its  limits  fairly  accurately, 
and  perhaps  indicate  the  path  along  which  the  solution  will 
ultimately  be  found. 

The  problem  is  how,  from  animals  resembling  ArwpMoxus  in 
possessing  only  dorsal  roots  to  the  nerves,  and  these  dorsal  roots 
consequently  of  mixed  function,  has  the  type  of  spinal  nerve 
met  with  among  existing  vertebrates,  with  two  distinct  roots, 
dorsal  or  sensory  and  ventral  or  motor,  been  derived  ? 

It  appears  to  me  that  there  are  two  ways  in  which  we  can 
conceive  this  change  as  having  come  about : — 

Firstly,  we  might  suppose  that  in  some  way,  and  for  some 
reason,  the  sensory  and  motor  portions  of  the  originally  single 
root  became  completely  separated  from  one  another,  and  that 
while  the  sensory  portion  of  the  nerve  retained  the  primitive 
mode  of  development  and  position  of  attachment  of  the  root,  the 
motor  portion  acquired  a  new  mode  of  development  and  a  new 
position  of  attachment,  and  then  united  farther  on  with  the 
posterior  root  to  form  a  spinal  nerve.  On  this  view  the  motor 
and  sensory  roots  of  a  spinal  nerve  correspond  to  the  motor  and 
sensory  portions  of  the  single  root  of  Amphdoxm, 

Or,  secondly,  we  might  imagine  the  anterior  root  to  be,  not 
the  motor  portion  of  the  original  root,  but  an  altogether  new 
development,  an  independent  outgrowth  from  the  spinal  cord  to 
supply  the  more  complicated  system  of  muscles  that  would 
necessarily  accompany  the  gradual  perfection  and  complication 
of  the  internal  skeleton ;  that  this  new  root  was  at  first  com- 
pletely independent  of  the  original  or  dorsal  root,  and  for  a 
time  coexisted  with  a  dorsal  root  of  mixed  function ;  that  in  the 
case  of  the  spinal  nerves  the  whole  motor  fimction  gradually  got 
transferred  to,  or  usurped  by,  the  new  root ;  while  the  two  roots, 

^  Balfoar,  Eltzsmobraneh  Fishes,  p.  198. 
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originally  separate  along  their  whole  length,  became  united  to 
form  the  mixed  trunk  of  the  spinal  nerve. 

Now,  although  there  are  very  considerable  and  obvious  diffi- 
culties in  the  way  of  accepting  either  of  these  alternatives,  yet 
it  appears  to  me  that  the  second  is  far  more  in  accordance  with 
the  actual  facts  than  the  first,  and  that  it  offers  a  ready  explana- 
tion of  many  points  unintelligible  on  the  first  hypothesis.  Thus, 
the  second  view  explains  why  in  actual  development  the  anterior 
spinal  roots  appear  later  than  the  posterior,  and  why  they  are 
for  some  time  quite  distinct  from  these  latter ;  it  also  explains 
such  cases  as  Petromyzon,  in  which  the  anterior  and  posterior 
roots  of  the  spinal  nerves  are  said  to  remain  distinct  from  one 
another  throughout  life. 

%  By  far  the  most  important  argument,  however,  in  favour  of 

the  second  hypothesis  is  afforded  by  the  explanation  it  yields 
of  the  condition  of  the  cranial  nerves  as  compared  with  the 
spinal ;  and  in  connection  with  this  point  I  would  direct  special 
attention  to  the  statements  already  made  concerning  the  sixth 
and  seventh  nerves. 

^  It  has  been  shown  above  that  the  seventh  nerve  in  Elasmo- 

branchs  develops  in  a  manner  precisely  similar  to  the  posterior 
roots  of  the  spinal  nerves ;  that  it  arises  as  an  outgrowth  from 
the  neural  crest  (figs.  5,  VIL),  the  nerves  of  the  two  sides 
being  at  first  directly  and  widely  continuous  with  one  another 
across  the  top  of  the  brain ;  that  by  growth  of  the  mid-dorsal 
roof  of  the  brain  the  two  nerves  get  separated  from  one  another 
(figs.  6,  YII.) ;  that  the  root  acquires  a  secondary  attachment 

s  to  the  side  of  the  brain  (figs.  7,  VII.),  hut  that,  unlike  the  other 

cranial  or  the  spinal  nerves,  it  retains  the  primary  as  well  as  the 
secondary  root  throughout  life.  In  this  respect  the  sevenih  is,  with 
the  possible  exception  of  the  fourth,  the  most  primitive  nerve  in 
the  body,  inasmuch  as  it  exists  throughout  life  in  a  condition 
which  is  only  a  transitory  one  in  all  the  other  nerves.  However 
unexpected  this  point  may  be,  I  cannot  but  think  that  it  is  one 
of  the  greatest  importance  in  the  determination  of  any  question 
concerning  the  morphology  of  the  cranial  and  spinal  nerves. 

The  seventh  being  a  very  primitive  nerve,  there  is  strong 
a  priori  reason  for  thinking  that  the  sixth  nerve,  which  we  have 
seen  reason  for  grouping  with  the  seventh,  is  also  of  a  primitive 
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nature,  and  it  is  clear  that  on  the  second  hypothesis  such  is  the 
case,  the  complete  independence  of  the  sixth  nerve  being  merely 
the  retention  of  a  primitive  character,  while  its  limited  and 
special  distribution  to  muscles  not  present  in  Amphioxus  affords 
a  very  possible  explanation  of  its  appearance  in  higher  verte- 
brates. On  the  first  hypothesis,  on  the  other  hand,  the  sixth 
nerve  would  be,  not  a  root  \^hich  had  retained  its  priTnitive 
i7idependence  of  the  seventh,  but  a  root  which  had  as  a  perfectly 
exceptional  occurrence  a>cquired  independencSy  a  view  directly 
contradicted  by  the  primitive  condition  of  the  seventh  itself. 

It  must  surely  be  regarded  as  a  very  significant  fact  that  a 
transverse  section  through  the  hind-brain  of  either  an  embryo  or 
advlt  Elasmobranch  passing  through  the  roots  of  the  sixth  and 
seventh  nerves  (fig.  7)  agrees  absolutely  in  all  essential  points 
with  a  section  at  an  early  embryonic  stage  through  the  roots  of  a 
spinal  nerve  in  the  same  animal  (fig.  3),  i.e,y  that  a  condition 
which  is  transitory  in  the  case  of  the  spinal  nerves  is  permanently 
retained  in  the  case  of  the  sixth  and  seventh  nerves.  This  fact, 
which  is  the  strongest  possible  argument  in  favour  of  the  second 
hypothesis,  clearly  directly  contradicts  the  first. 

If  the  doctrine  that  the  cranial  nerves  are  more  primitive  than 
the  spinal  appear  at  first  sight  paradoxical,^  I  would  point  out  that 
there  is  independent  evidence  in  favour  of  the  head  retaining  a 
more  primitive  condition  than  the  body.  Thus  the  skull,  though 
subjected  to  very  extensive  secondary  modifications,  is  really  in 
a  more  primitive  state  than  the  vertebral  column,  for  the  skull 
represents  the  permanent  retention  of  a  condition,  that  of  a 
continuous  unsegmented  cartilaginous  tube,  which  is  only  transi- 
tory in  the  case  of  the  vertebral  column  except  in  the  lowest 
vertebrates ;  the  division  of  the  cartilaginous  tube  into  segments 
or  vertebrae  never  occurring,  and  in  all  probability  never  having 
occurred  in  the  skull,  though  so  constantly  present  in  the 
vertebral  column.  The  fact  that  it  is  in  the  lowest  vertebrates 
alone  that  this  unsegmented  condition  is  retained  in  the  trunk 

^  I  have  myself  on  a  fonner  occasion  both  felt  and  nrged  this  objection  ("  Head 
Cavities  of  Elasmobrancbs,"  Quart  Jount,  of  Micros.  Sdence^  Jan.  1881,  p.  91). 
Further  investigation  has  convinced  me  that  I  was  then  wrong,  and  that  Balfour 
was  right  in  considering  (Elasmobraiich  Fishes,  p.  193)  the  cranial  nerves  as  more 
primitive  than  the  spinal,  though  I  do  not  agree  with  his  conclusion  that  the 
cranial  nerves  have  no  anterior  roots. 
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as  well  as  in  the  head,  is  a  strong  argument  in  favour  of  the 
view  that  the  head  is  really  in  a  more  primitive  condition  than 
the  trunk  as  regards  skeletal  elements.^ 

On  the  second  hypothesis,  the  mixed — motor  and  sensory — 
nature  of  the  seventh  nerve  is  explained  as  due,  like  the  per- 
sistence of  the  primary  root  and  the  independence  of  the  sixth 
nerve,  to  retention  of  the  primitive  condition,  and  the  extreme 
variability  presented  by  the  relative  importance  of  the  sensory 
and  motor  functions  of  the  seventh  nerve  in  different  vertebrates 
may  help  to  render  intelligible  how  the  posterior  spinal  roots, 
which  were  originally  of  mixed  function,  have  become  converted 
into  purely  sensory  roots. 

If  the  hypothesis  advanced  above  should  prove  correct,  it 
would  be  only  reasonable  to  expect  that  the  posterior  roots  of 
the  spinal  nerves  should  in  some  exceptional  cases  be  found  to 
retain  in  part  their  primitive  mixed  character,  and  to  coexist  as 
mixed  posterior  roots  with  exclusively  motor  anterior  roots.  I 
am  not  aware  of  any  such  cases,  or  of  the  existence  of  any 
residual  physiological  phenomena  that  would  support  such  a 
view,  but  would  suggest  that  a  direct  investigation  of  the 
functions  of  the  spinal  roots  in  the  lampreys,  where  the  two 
roots  are  stated  to  remain  distinct  from  one  another  throughout 
life,  might  conceivably  lead  to  interesting  results. 

The  application  of  the  hypothesis  to  the  remaining  cranial 
nerves  is  sufficiently  obvious  from  the  accounts  given  of  them. 
The  main  point  of  difficulty  concerns  the  determination  of  the 
presence  or  absence  of  anterior  motor  roots  to  these  nerves ;  and 
on  this  point  I  have  no  additional  evidence  beyond  what  I  have 
already  stated  elsewhere.^ 

Vin.  The  Eighth  or  Auditory  Nerve. — In  all  the  forms 
in  which  the  development  of  the  auditory  nerve  has  been  ascer- 

^  The  foUowing  quotation  from  Balfour,  which  I  only  became  acquainted  with 
after  the  abore  passage  was  written,  strongly  confirms  this  view  : — ' '  This  de- 
yelopment  (of  the  skull)  probably  indicates  that  the  basilar  plate  contains  in 
itself  the  same  elements  as  those  from  which  the  neural  arches  and  the  centra  of 
the  Tertebral  column  are  formed,  but  that  it  never  passes  beyond  the  unsegmented 
stage  at  first  characteristic  of  the  vertebral  column." — Comparative  Embryology, 
vol.  ii.  p.  467. 

s  Marshall,  ''Head  Cavities  and  Associated  Nerves  of  Elasmobranchs,"  Quart, 
Joum.  of  Micros,  Seienee,  Jan.  1881,  pp.  91-93. 
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tained,  it  arises  as  part  of  the  seventh  nerve.  Neither  its 
development  nor  its  anatomical  relations  afford  the  slightest 
ground  for  thinking  it  to  be  of  segmental  rank.^ 

IX.  The  Ninth  or  Glosso-pharyngreal  Nerve. — ^like  the 
auditory,  the  ninth  nerve  can  be  disposed  of  very  briefly,  but  for 
a  directly  opposite  reason.  Since  Gegenbaur  confirmed  Stannius' 
account  of  its  relations  to  the  first  branchial  cleft,  the  claim  of 
the  glosso-pharyngeal  to  rank  as  an  independent  segmental 
nerve  has  been  very  generally  admitted ;  and  as  the  history  of 
its  development^  shows  that  it  conforms  in  all  respects  to  the 
characters  of  a  segmental  nerve  as  defined  on  page  313,  it  would 
be  superfluous  to  discuss  in  detail  its  now  universally  recognised 
claims  to  segmental  value. 

X.  The  Tenth  or  Vagus  Nerve. — ^THe  tenth  nerve  stands 
in  much  the  same  position  as  the  ninth,  with  the  exception  that 
while  the  glosso-pharyngeal  is  a  single  segmental  nerve,  the 
vagus,  from  its  relations  to  a  number  of  visceral  clefts,  must  be 
considered  as  equivalent  to  an  equal  number  of  segmental 
nerves  fused  together.  This  was  first  pointed  out  by  Stannius, 
and  subsequently  developed  in  much  more  detail  by  Gegenbaur ; 
and  since  the  publication  by  the  latter  of  his  memorable  essay 
on  the  cranial  nerves  of  Hexanchus,  has  been  accepted  almost 
universally  as  the  true  theory  of  the  morphological  value  of  the 
tenth  nerve.  It  is  only  necessary  to  add  here  that  the  study  of 
its  development  shows  that  it  completely  fulfils  all  the  condi- 
tions required  of  segmental  nerves. 

Concerning  the  number  of  primitively  separate  segmental 
nerves  fused  together  to  form  the  vagus,  we  cannot  speak  posi- 
tively. The  greatest  number  of  clefts  supplied  by  it  in  vertebrates 
above  Amphioocus  is  met  with  among  the  MarsipohraTichii  and  in 
NotidanuSf  where  it  supplies  the  six  posterior  branchial  clefts, 
and  must  therefore  be  equivalent  to  at  least  six  segmental  nerves. 

1  For  the  deyelopment  of  this  nerve  in  Elasmobranchs,  vide  Balfour,  Elamuh 
h'arvch  FisheSy  p.  198  ;  in  the  Chick,  Marshall,  ''Development  of  Cranial  Nerves 
in  Chick,"  Q%uirL  Joum.  of  Micros.  Science,  Jan.  1878,  pp.  34-36. 

^  For  the  development  of  the  gloss-pharyngeal  and  vagus  nerves  in  Elasmo- 
branchs, vide  Balfour,  Elasmobranch  Fishes,  pp.  202,  seq.;  in  the  Chick,  Marshall, 
loe  cU.  pp.  36-39. 
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Whether  this  is  the  full  number,  however,  is  a  point  not  yet 
decided. 


XL  and  XII.  The  Eleventh  or  SpincJ  Aooessory,  and 
Twelfth  or  HypogloBScd  Nerves. — Neither  of  these  nerves  is 
constant  as  a  cranial  nerve  throughout  the  vertebrate  series,  a 
fact  which  renders  it  very  doubtful  whether  the  claim  of  either 
of  them  to  segmental  value  could  be  entertained.  For  this 
reason,  and  partly  because  I  am  at  present  engaged  in  investi- 
gating their  development,  about  which  we  know  as  yet  very 
little,  I  do  not  propose  to  deal  further  with  them  in  the  present 
paper.  Forming,  as  they  do,  the  connecting  links  between 
cranial  and  spinal  nerves,  they  may  be  expected  to  yield  valu- 
able evidence  concerning  the  validity  of  the  hypothesis  pro- 
pounded above  concerning  the  relations  between  these  two 
groups  of  nerves. 


Summary. — The  conclusions  arrived  at  concerning  the  seg- 
mental value  of  the  cranial  nerves  may  be  expressed  in  a  tabular 
form  thus : — 


Segment 

Nerve. 

Visceral  Cleft. 

Visceral  Arch. 

1.  PrffioraL 

L  Olfactory. 

Olfactory. 

2.      Do.      1 

III.  Oculomotor,   ) 

IV.  Trochlear.       { 

Lachrymal. 

Maxillary. 

8.  Oral. 

V.  Trigeminal. 

Buccal. 

Mandibular. 

4.  PostoraL  j 

VII.  Facial, 
VI.  Abducent. 

Spiraciilar  or         ) 
nyomandibnlar.  ( 

Hyoid. 

6.       Do. 

IX.  Glosso-pharyngeal. 

1st  Branchial. 

1st  Branchial. 

6.       Do. 

X.  Vagus,  Ist  branch. 

2nd        „ 

2nd 

7.       Do. 

„      2nd     „ 

3rd 

8rd 

8.       Do. 

„       3rd     „ 

4th 

4th         „ 

9.       Do. 

„       4th     „ 

6th 

5th 

10.       Do. 

„       6th     „ 

6th         „ 

6th         „ 

11.       Do. 

,,       6th     „ 

7th 
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Dbsoription  of  Plate  X.,  illostrating  Dr.  Marshall's  Paper  on  the 

Segmental  Value  of  the  Cranial  Nerves. 

AlphabeticcU  List  of  References, 

a,r.     Anterior  root  of  a  spinal  nerve. 
B,       Buccal  or  mouth  cleft 
Br,l.  First  branchial  cleft 
Br,2,  Second  brancial  cleft. 
Br.  3,  Third  branchial  cleft. 
Br,^  Fourth  branchial  cleft 
■*^  c.        Cerebellum. 

g.       Ganglion  on  posterior  root  of  spinal  nerve. 
m,h.    Mid-brain. 
m,p.   Muscle  plate. 
n.       Notochord. 
N,c    Neural  crest. 
Olf    Olfactory  pit  or  cleft 
.  p,r.     Posterior  root  of  a  spinal  nerve. 

^  Sp,     Spiracular  or  hyomandibular  cleft. 

S.a,     Primary  attachment  of  posterior  root  of  spinal  nerve. 
fi,fi.    Secondary  attachment  of  posterior  root  of  spinal  nerve. 

2.  Second  head-cavity. 

3.  Third  head-cavity. 
I.  Olfactory  nerve. 

III.  Oculomotor  nerve. 

IV.  Root  of  fourth  or  trochlear  nerve. 
V.  Trigeminal  nerve. 

^  V.6.  Maxillary  branch  of  trigeminal  nerve. 

VI.  Abducent  nerve. 
VII.  Facial  nerve. 

Ylld,  Buccal  branch  of  facial  nerve. 
Vila.  Primary  root  of  attachment  of  facial  nerve. 
VII^.  Secondary  root  of  attachment  of  facial  nerve. 
VIIL  Auditory  nerve. 
IX.  Glosso-pharyngeal  nerve. 
X.  Vagus  nerve. 

Figs.  1  to  4  illustrate  the  chief  stages  in  the  development  of  the 
spinal  nerves,  as  shown  by  transverse  sections  through  the  spinal  cord ; 
they  are  copied,  with  some  modifications,  from  figures  given  by  Balfour 
in  his  paper  on  "  The  Development  of  the  Spinal  Nerves  in  Elasmo- 
branch  Fishes,"  published  in  voL  cxxxvL  of  the  Philosophical  Trans- 
actions, 

VOL.  XVL  2  A 
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Fig.  1  shows  the  posterior  roots  arising  as  outgrowths  from  the 
neural  crest  on  the  summit  of  the  spinal  cord.     Stage  L 

Fig.  2  shows  the  shifting  outwards  of  the  primary  attachment  of 
the  posterior  itoot,  caused  hy  lateral  growth  of  the  mid-dorsal  portion 
of  the  cord ;  also  the  first  rudiment  of  the  anterior  spinal  root  on  one 
side.     Stage  between  I  and  K. 

Fig.  3  shows  the  thinning  of  the  primary  root,  8,cl,  and  the  acquir- 
ing of  the  secondary  root  of  attachment,  8.13.,  to  the  side  of  the  cord 
some  way  below  the  primary  root  In  Balfour's  figure  this  secondary 
attachment  is  not  so  clearly  shown  as  in  the  figure  given  here.  I  have, 
from  a  direct  investigation  of  the  point,  satisfied  myself  that  this 
figure  and  the  account  given  in  the  text  represent  correctly  the  process 
as  actually  occurring  in  Elasmobranchs. 

Fig.  4  shows  the  definite  acquirement  by  the  posterior  root  of  its 
secondary  or  permanent  attachment^  5./?.,  the  primary  root  having  lost 
all  connection  with  the  cord,  and  being  represented  solely  by  the  por- 
tion of  nerve  projecting  above  the  secondary  root.  Shows  also  the 
anterior  root  more  fully  developed,  and  on  the  right  connected  with  >^ 

the  posterior  to  form  a  complete  spinal  nerve.  Stage  K.  This  figure 
differs  from  Balfour's  (plate  xviL  I.  1)  (1)  in  showing  the  posterior 
root  on  both  sides  instead  of  on  the  right  side  only ;  (2)  in  showing 
both  anterior  and  posterior  roots  in  the  same  section,  to  do  which 
the  section  must  be  supposed  to  be  not  perfectly  transverse,  but  some- 
what oblique,  as  the  anterior  roots  are  not  directly  beneath  the  posterior, 
but  a  short  way  in  front  of  them. 

Figs.  5  to  7  illustrate  the  several  stages  in  the  development  of  the  *% 

seventh  and  sixth  cranial  nerves  of  Elasmobranchs,  as  shown  by  a 
series  of  transverse  sections  through  the  mid-brain  and  roots  of  these 
two  nerves  at  different  ages.  They  are  copied  from  figures  of  my  own, 
illustrating  a  paper  by  Mr.  Spencer  and  myself,  on  "  The  Cranial 
Serves  of  Scyllium,"  Quart.  Joum.  of  Micros.  Science^  July  1881. 

Fig.  6  shows  the  primary  root  of  attachment,  VUcl,  of  the  seventh 
nerve  to  the  top  of  the  mid-brain.  The  stage  figured  is  intermediate 
between  the  stages  in  the  development  of  the  spinal  nerve  represented 
in  figs.  1  and  2.     Stages  between  I  and  K. 

Fig.  6  shows  the  acquirement  of  the  secondary  root  of  attachment,  ^ 

VII^.,  to  the  side  of  the  hind-brain,  the  primary  root,  Vila.,  still  per- 
sisting :  owing  to  the  growth  of  the  dorsal  surface  of  the  brain  the 
primary  roots  of  the  two  sides  are  now  widely  separate.     Stage  K. 

Fig.  7  shows  the  persistence  of  both  primary  and  secondary  roots  of 
attachment  of  the  seventh,  and  the  appearance  of  the  sixth  nerve  at  a 
position  and  in  a  manner  identical  with  those  of  the  anterior  spinal 
roots.  As  in  ^.  4,  the  section  is  a  somewhat  oblique  one,  as  the  sixth  is 
not  vertically  below  the  seventh,  but  shghtly  posterior  to  it.    Stage  N. 

Fig.  8.  A  diagrammatic  view  of  the  head  of  a  young  vertebrate 
embryo  from  the  left  side,  showing  the  several  segmental  nerves  and 
their  relations  to  the  visceral  clefts.  Only  4  branchial  clefts  have 
been  represented ;  the  hinder  ones  would  be  precisely  similar  to  the 
others,  and  would,  Uke  the  second,  third,  and  fourth,  be  applied  each 
by  a  branch  of  the  vagus  nerve. 
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THE  ANATOMY  OF^WfOHOGALE  ZONGICAUDA, 
WITH  EEMAEKS  ON  THE  HOMOLOGIES  OF  THE 
LONG  FLEXORS  OF  THE  TOES  IN  MAMMALIA. 
By  G.  K  DoBSON,  M.A.,  M.B. 

ScAECELY  has  the  first  part  of  my  work  on  the  Insectivora^ 
been  a  month  before  the  public  when  there  turns  up  from  that 
paradise  of  the  Order,  Madagascar,  a  little  incongruous  beast, 
evidently  allied  to  the  indigenous  CerUetidce,  yet  presenting 
certain  special  characters  which,  at  first  sight,  would  appear  to 
render  the  formation  of  a  new  family  necessary  for  its  reception.^ 

^"^  A  greater  contrast,  in  external  form  at  least,  between  allied 

species,  than  between  this  animal  and  the  well-known  tailless 
spiny  Madagascar  **  ground-hogs  "  could  scarcely  be  conceived ; 
for  besides  its  very  small  size,  which  is  about  that  of  Sorex 
pygmcEus,  its  fur  is  perfectly  devoid  of  spines,  and  its  quadran- 
gular nearly  naked  tail  is  almost  or  quite  double  the  length  of 

f  the  head  and  body.    In  fact,  were  it  not  for  the  shape  and  size 

of  its  ears,  which  are  slightly  longer  than  the  muzzle,  and  re- 
semble in  structure  those  of  the  CerUetidce,  a  skin  of  this  animal 
without  skuU  would  very  probably  be  mistaken  for  that  of  a 
very  long-tailed  species  of  Sorex.  Nevertheless,  as  the  following 
account  of  its  general  anatomy  will  show,  Microgale  hngicavda 
must  be  relegated  to  the  same  family  as  the  so-called  ''  ground- 
hogs." 

^  Osteology  and  Dentitioiu 

The  very  small  skull  is  destitute  of  ridges  of  any  kind,  and 
tapers  evenly  forwards,  as  in  Hemicentetes,  the  characteristic 
absence  of  an  interorbital  constriction  being  as  well  marked 
here  as  in  all  known  species  of  CerUetidoe.  The  zygomatic  arch 
is  also  deficient    There  are  no  traces  of  postorbited  processes, 

^  A  Monograph  of  the  Insedivora,  Systematic  cmd  AnatomieaL  By  G.  E.  Dob- 
son,  M.A.,  M.B.  London  :  John  Van  Voorst,  January  1882.  (Part  I.,  includ- 
ing the  Families  Erinaceidce,  CentetidiE^  Soleiwdoniidce.) 

'  I  understand  that  a  diagnosis  of  this  species  under  the  above  name  has  been 
read  by  Mr  0.  Thomas  of  the  British  Museum,  at  the  last  meeting  of  the 
linnean  Society. 
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and  the  lachrymal  and  infraorbital  foramina  are  as  in  CerUetes, 
The  base  of  the  skull  shows  similar  structural  agreement  with 
that  of  the  species  of  this  family;  the  mesopterygoid  fossa  is 
narrow  and  deep,  like  that  of  RemicerUetes ;  the  basi-splenoid 
sends  down  straight  processes  to  complete  the  walls  of  the  audi- 
tory chambers  internally,  but  posteriorly  they  are  formed  by 
membrane  only,  while  the  tympanies  are  mere  bony  rings  not 
forming  buU^  There  are  no  prominent  mastoid  or  paroccipital 
processes.  In  the  mandible  the  only  important  difference 
noticeable  consists  in  the  more  transversely  extended  form  of 
the  condyle. 

The  dental  formula  is  the  same  as  that  of  Hemicentetes  and 
Oryzorides,  and  the  teeth,  on  the  whole,  very  closely  resemble 
those  of  0.  Kova}     The  three  upper  incisors  are  small  and  / 

conical,  very  like  those  of  immature  specimens  of  C,  ecavdatus; 
the  first  and  second  are  nearly  equal,  and  separated  by  a 
narrow  interval ;  the  first  has  a  small  posterior  basal  cusp ;  the 
second  both  anterior  and  posterior  basal  cusps;  the  third  is  close 
to  the  second,  not  half  its  size,  acutely  pointed,  with  a  minute 
projection  posteriorly  at  its  base,  and  separated  by  a  narrow  u 

space  from  the  canina  The  latter  is  the  most  vertically  ex- 
tended tooth  in  the  upper  jaw,  and  about  one-third  longer  than 
the  second  incisor,  which  it  closely  resembles  in  form,  and  it  has 
a  single  root.  The  first  premolar  is  separated'  from  the  canine 
and  the  second  premolar  by  a  narrow  interval ;  it  arises  from 
two  roots,  equals  the  canine  in  cross  section,  but  in  vertical 
extent  only  the  third  incisor,  and  has  a  short  conical  cusp  with 
small  anterior  and  posterior  basal  cusps ;  the  second  premolar  is  ^ 

like  the  first,  but  longer  and  much  larger  in  cross-section;  it  has 
a  small  internal  basal  projection ;  the  third  premolar  is  much 
longer,  has  a  broadly  Y-shaped  principal  cusp,  with  one  anterior 
and  two  postero-external  small  cusps,  also  a  prominent  internal 
basal  process;  the  first  and  second  molars  have  narrow  Y-shaped 
cusps,  notched  externally,  and  the  third  wants  the  postero- 
external angle  of  its  Y-shaped  cusp,  as  in  Oryzorides  hova.  In 
the  lower  jaw  the  incisors,  canines,  and  premolars  (except  the 
last)  correspond  closely  in  relative  size  and  shape  with  those 

^  For  the  dentition  and  anatomy  of  this  and  of  other  species  of  Centetidce,  see 
my  Monograph  of  the  Insedivora  referred  to  above. 
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above,  but  their  cusps  are  more  obliquely  directed  forwards,  and 
the  second  incisor  and  the  canine  have  no  anterior  basal  cusp. 
The  molars  are  almost  identical  in  shape  with  those  of  0.  hova. 

The  clavicle  is  well  developed ;  there  are  fifteen  pairs  of  ribs; 
the  scapula  and  pelvic  bones  resemble  those  of  HemicefrUetes 
semi-spviwma ;  the  symphysis  pubis  is  very  narrow,  and  the 
tail  is  composed  of  about  forty  vertebraB.  The  humerus  has  a 
large  supra-condylar  foramen,  which  transmits  the  median  nerve 
and  a  branch  of  the  brachial  artery ;  the  ulna  and  radius  are 
distinct,  and  there  are  five  digits  in  the  manus,  which  agree 
altogether  with  those  of  Cewtetes,  The  tibia  and  fibula  are 
united  about  the  commencement  of  the  middle  third  of  the  leg, 
as  in  Sorex,  thus  differing  from  all  the  species  of  GentetiTMS. 
^.^  There  are  five  digits  in  tiie  pes,  and  the  fifth  is  much  longer 

than  the  hallux. 

Myology. 

The  myology  of  the  Cmtetidce  having  been  described  and 
illustrated  in  my  work  referred  to  in  the  foot-note  to  a  preceding 
page,  it  will  be  sufficient  to  indicate  here  the  chief  points  of 
'  resemblances  or  differences  observed. 

Digastric  is  simple,  without  trace  of  tendinous  intersection  or 
inscription,  and  not  connected  with  the  hyoid  bone.  Mylo-hyoid, 
genio-hyoid,  omo-hyoid,  and  other  muscles  connected  with  the 
hyoid  bone,  as  in  Centetes  ecavdcUvs.  Stemo-  and  deido-Tnastoid 
also  as  in  CerUetes,  the  former  united  for  a  considerable  distance 
with  its  fellow  of  the  opposite  side,  and  forming  a  slender 
.  tendon  in  its  anterior  third,  which  unites  with  the  margin  of  the 

deido-mastoid. 

Shbbdavius  is  well  developed,  arising  from  the  sternum  and 
articulation  of  the  first  rib,  and  inserted  into  the  outer  third  of 
the  clavicle,  thus  differing  from  all  the  species  of  the  sub-family 
CefrUetiTUBy  in  which  this  muscle  is  absent 

Scalenus  arUicus,  as  shown  by  the  position  of  the  brachial 
plexus,  is  present. 

Pyramidcdes  are  either  very  slender  or  absent,  a  few  muscular 
fibres  passing  from  either  side  of  the  symphysis  pubis  towards 
the  linea  alba  may  represent  them.  The  other  abdominal 
muscles  are  like  those  of  0.  ecaudcUiLS,  but  the  obliqutLS  extemua 
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is  comparatively  much  less  developed  at  its  insertioii  into  the 
symphysis  pubis. 

The  muscles  of  the  fore-limbs  resemble  those  of  C.  ecaitdatvs 
very  closely,  with  the  following  differences  only : — The  bicqps  is 
wholly  inserted  into  the  ulnar  side  of  the  radius  near  the  inser- 
tion of  the  brachiaiis  arUicus  into  the  radial  side  of  the  ulna. 
The  tendons  of  the  two  muscles  are  not  connected.  The  tendons 
of  the  flexor  suilimis  and  flea^or  profundiis  digitorum  are  not 
joined  by  a  tendinous  slip  at  the  carpus,  and  there  is  no  adductor 
for  the  second  digit. 

In  the  hind  limbs  the  gracHis  does  not  unite  with  its  fellow 
of  the  opposite  side  across  the  pubis,  but  is  divided  into  two 
parts,  an  anterior  from  the  ramus  of  the  pubis  and  ilium,  and  a 
posterior  from  the  ramus  of  the  pubis  and  ischium  ;  these  parts 
are  separated  by  the  adductor  longvs  and  brevis,  but  are  inserted 
one  above  the  other  into  the  prominent  tibial  ridge.  These  sepa- 
rated parts  seem  to  point  to  an  original  continued  condition  of 
the  muscle  from  the  iliac  ramus  round  the  symphysis  puMs  to 
the  ischiac  ramus  as  we  find  it  in  all  the  Centetince. 

The  sartorius  is  characteristically  absent.  The  adductor  mass 
appears  to  be  divisible  into  two  layers  only,  and  the  adductor 
magnus  is  not  distinguishable,  the  nervous  supply  is  wholly 
from  the  obturator  nerve,  and  I  can  find  no  filament  derived 
from  the  sciatic.  Biceps  flexor  crwris  has  no  connection  with 
the  femur,  and  its  attachments  in  the  leg  are  as  in  C,  ecaudatus. 
Semi-tendinosus  arises  with  it  from  the  tuJ>er  ischii,  and  also  by 
some  fibres  from  the  side  of  the  tail ;  semi-Tnenibranosus,  from 
the  ramus  of  the  ischium,  is  the  largest  muscle  of  the  thigh. 
Both  are  inserted  as  in  CerUetes. 

Solev^  arises  from  the  head  of  the  fibula  only  by  a  slender 
tendon;  tibialis posticios,  from  the  inner  side  of  the  head  of  the 
rudimentary  fibula  and  upper  part  of  the  interosseous  ligament, 
forms  a  long  slender  tendon  which  passes  round  the  malleolus 
with  that  of  the  flexor  digitorwm,  longvs,  and  is  inserted  into  the 
navicular  bone.  Flexor  haUuds  longvs  and  fl>exor  digitorum 
longus  arise  separately,  the  former  from  the  head  and  shaft  of 
the  short  fibula  posteriorly  as  far  as  its  junction  with  the  tibia, 
and  from  the  interosseus  ligament  below  the  origin  of  the 
tibialis  posticus,  the  latter  from  the  head  of  the  tibia  posteriorly. 
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and  from  the  margin  of  the  interosseous  ligament ;  both  muscles 
form  long  tendons  which  pass  round  the  malleolus,  and  in  the 
foot  spread  out,  becoming  superimposed,  the  flexor  digitorum 
longvs,  as  in  all  species  of  Cmtetidce,  being  superficial  to  the 
other,  and  sending  tendons  for  the  hallux  and  fifth  toe,  while 
those  for  the  three  middle  toes  are  supplied  by  i^Qfl^exor  haUuds 
longus.  (See  Monogr.  Insectivora,  p.  82,  pi.  iv.  fig.  11).  Here, 
as  in  Oryzorides  hova,  the  union  of  the  tendons  of  these  two 
muscles  is  much  more  complete  than  in  the  CerUetiruB,  never- 
theless the  teudon  for  the  hallux  can  be  distinctly  seen  to  be 
given  ofif  by  the  flexor  digitorum  longus.  A  large  fl,exor  acces- 
8oriu8  is  inserted  into  the  outer  side  of  the  conjoined  tendons. 
The  other  pedal  muscles  are  precisely  as  in  (7.  ecaudatus  and 
0,  Iwva, 

Although  the  leg  bones  are  united  so  high  up,  there  are 
here,  as  we  see,  the  veiy  same  muscles,  having  the  same  rela- 
tions as  in  the  sub-family  CentetiruB  (all  the  species  of  which 
have  separate  tibise  and  fibulse),  a  condition  very  indicative  of 
close  affinity,  for  in  Solenodon  cvbanus  of  the  allied  family 
Solenodontidce,  although  the  fibula  and  tibia  are  separate  as  in 
the  CerUetince,  the  tendon  of  the  flexor  digitorum  longus  is  very 
slender,  and  inserted  into  the  side  of  the  tendon  of  the  flexor 
halluds  longus  which  supplies  all  the  toes.^ 

Visceral  Anatomy, 

In  the  form  and  arrangement  of  the  lingual  papillae,  and  in 
the  whole  structure  of  the  intestinal  canal  and  of  the  liver,  the 
closest  resemblance  to  Centetes  ecavdatus  is  apparent,  although 

^  In  Potamogale  velox,  where  the  leg-bones  are  united  as  in  this  species,  the 
tendon  of  the  flexor  digitorvm  longtu  is  rednced  to  a  mere  thread,  inserted  as  in 
Solenodon  eubcmiis  into  the  side  of  the  tendon  of  ike  flexor  halluds  longus;  were 
this  rudimentary  tendon  to  disappear  altogether,  we  should  then  have  a  condition 
similar  to  that  in  Sorex,  where  a  single  tendon,  arising  from  a  sin^e  muscle, 
passes  into  the  foot  and  supplies  all  the  toes.  Hence  it  is  evident  that  the  single 
tendon  in  Sorex,  and  probably  in  all  other  genera  of  mammalia  having  but  a 
single  long  flexor  of  the  toes,  is  the  homologue  of  the  flexor  hallueis  loTigus,  and 
not  of  the  flexor  digitorum  longus,  as  it  appears  to  be  considered  from  having  that 
name  applied  to  it  It  would  therefore  seem  advisable,  in  the  interests  of 
muscular  homology,  to  change  these  misleading  names  for  such  terms  aj  fleocor 
digitorum  flbularis  {vel  extenius)  and  flexor  digitorum  tibialis  (wl  intemus) 
respectively. 
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the  stomach  has  the  pyloric  and  oesophageal  apertures  much 
more  widely  separated ;  the  form  of  the  epiglottis  and  of  the 
larynx  and  trachea  are  also  quite  as  in  that  externally  very 
differently  shaped  species,  the  only  difference  observable  being 
found  in  the  fewer  number  (26)  of  the  tracheal  rings.  The 
right  lung  is  divided  into  three  lobes,  the  left  is  undivided ;  the 
azygos  lobe  is  quite  similar  to  that  of  Erioidus  setoms,  and  the 
heart  and  great  vessels  are  formed  on  the  same  plan  as  in  that 
species 

As  in  all  the  CerUetituB,  the  male  and  female  generative 
organs  open  within  the  same  fold  of  integument  which  forms  a 
shallow  cloaca.  The  penis,  like  that  of  the  other  species,  is 
capable  of  being  whoUy  retracted  within  this  cloaca,  and  lies 
strongly  bent  and  folded  upon  itself  against  the  symphjrsis 
pubis  beneath  the  integument.  It  has  a  well-developed  carti- 
laginous bone,  and  is  provided  with  strong  ereetores  and  levaiares 
muscles  comparatively  much  larger  than  in  Cmtetes.  In  the 
form  and  position  of  the  testes,  however,  the  chief  departure 
from  the  general  type  is  observable ;  each  testis,  instead  of  being 
placed  close  to  the  kidney  as  in  the  Centetirue,  lies  in  the 
pelvis ;  its  epididymis  is  remarkably  large,  especially  the  globus 
minor  which  is  attached  by  a  short  ligament  to  the  inferior 
surface  of  the  membranous  portion  of  the  urethra  near  the  neck 
of  the  bladder.  The  vas  deferens  is  at  first  tortuous,  but  passes 
directly  between  the  prostate  and  the  bladder,  accompanied  by 
the  duct  of  a  long  narrow  gland-like  organ  ^  connected  loosely 
by  a  fold  of  peritoneum  with  the  testicle,  and  getting  beneath 
the  sheath  formed  by  the  large  acceleratores  v/riruB  muscles, 
enters  the  cul-de-sac  at  the  commencement  of  the  penial 
urethra. 

The  female  organs,  on  the  other  hand,  correspond  very  closely 

with  those  of  the  Cenietince;  the  uterus  and  ovaries  are  almost 

perfectly  similar  to  those  of  C.  ecaudaivs,  but  the  vagina  is  very 

capacious  and  well  defined  by  a  sudden  constriction  from  the 

'  uterus,  which  has  a  short  corpus  uteri    I  cannot  detect,  however, 


^  This,  on  microscopic  examination,  is  seen  to  be  composed  of  a  long  convolated 
tube  filled  with  reddish  granides,  and  appears  to  represent  the  ttaieuUs  aemindUa 
in  their  reduced  condition. 
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transverse  processes  in  either,  which  are  so  well  marked  in 
other  species  of  that  sub-family. 

A  review  of  the  above-described  characters  presented  by  this 
very  interesting  species  show  that  it  must  evidently  be  classed 
with  the  CentetidcB,  forming  with  Oryzorictes  Tiova,  a  special 
sub-family,  for  which  I  have  already  proposed  the  name 
Oryzorictinm, 
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THE  CURLED  HAIR  AND  CURVED  HAIR  FOLLICLE 
OF  THE  NEGRO.  By  T.  P.  Anderson  Stuart,  M.B., 
Assistant  to  the  Professor  of  the  Institutes  of  Medicine^ 
Hdinburgh. 

Mr.  Charles  Stewart,  in  a  paper  read  before  the  Royal  Micro- 
scopical Society,  January  1, 1873,  compares  the  Negro  with  the 
European  scalp,  and  states  that  in  the  Negro  "  the  portion  of  the 
hair  and  follicle  imbedded  in  the  skin  is  much  longer,  and  is 
also  remarkably  curved,  so  that  it  commonly  describes  a  half 
circle.  The  papilla  at  the  base  of  the  follicle  conse4uently 
either  lies  horizontally,  or  even  becomes  directed  obliquely 
inwards  towards  the  subjacent  bone.  In  other  respects  there 
is  no  great  difference,  but  perhaps  the  sebaceous  gland  is  some- 
what smaller."  He  thus  records  the  fact  of  the  curvature,  but 
draws  no  conclusion  from  it,  and,  so  far  as  I  am  aware,  his 
observation  has  not  yet  been  confirmed. 

I  have  recently  had  an  opportunity  of  verifying  this  statement, 
to  a  certain  extent,  from  sections  which  I  have  made  from  a 
scalp  for  which  I  am  indebted  to  my  colleague  Dr.  Arthur 
Thomson  of  the  University  Anatomy  Rooms.  There  was  some 
difficulty  in  obtaining  a  good  profile  view  of  the  follicles,  since, 
though  follicles  were  abundantly  present,  they  were  nearly  all 
in  transverse  or  oblique  section.  I  now  perceive  that  this  is 
actually  due  to  the  curve  of  the  follicle,  for  if  the  knife  does  not 
cut  the  follicle  exactly  in  the  plane  of  its  curve,  necessarily  we 
do  not  see  the  \9h0le  length  of  it  But  those  that  are  cut  in 
that  plane  show  a  most  graceful  curve,  and  show  also  that  the 
pigment  of  the  rete  mucosum  extends  down  the  follicle  only  so 
far  as  the  opening  of  the  sebaceous  gland.  In  the  case  examined 
by  me  the  curve  certainly  is  not  commonly  a  half  circla  Camera 
lucida  drawings  prove  that  it  is  almost  invariably  about  a  quarter 
of  a  circle. 

In  his  drawing,  Stewart  puts  the  papilla  nearly  vertically 
below  the  opening  of  the  follicle,  so  that  the  complete  circle 
would  lie  nearly  quite  within  the  scalp.     In  my  specimens  the 
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follicles  are  all  segments  of  a  larger  circle  which,  when  complete, 
is  half  or  more  without  the  scalp,  so  that  the  papilla  lies  very 
much  laterally  to  the  opening  of  the  follicle.  I  believe  that 
these  differences  in  our  descriptions  are  not  without  importance, 
aa  will  presently  be  seen. 

It  seems  to  me  that  this  curve  of  the  hair  within  the  follicle 
persisting  in  the  hair  without  the  follicle,  accounts  for  the  curl 
of  the  hair.  If  that  be  so,  then,  if  the  curve  of  the  follicle  were 
a  half  circle  placed  as  Stewart  describes  it,  the  hair  would  tend 
to  grow  into  the  scalp,  or  the  curled  hair  would  be  forced  to 
twist  itself  laterally,  and  to  lie  close  to,  and  flat  on,  the  surface 
of  the  scalp.  But  according  to  my  description  the  hair  would 
grow  freely  up  out  of  the  scalp,  and  the  plane  of  the  curl  would 
be  vertical  to  the  surface  of  the  scalp,  and  this  is  what  we  see 
in  nature.  The  hair  muscle  seems  invariably  to  be  placed  in 
the  concavity  of  the  curve,  and  between  it  and  the  follicle  is  the 
sebaceous  gland.  Both  muscle  and  gland  are  extremely  well 
developed  in  my  specimens. 


SOME  OF  THE  PATHOLOGICAL  CONDITIONS  IN  THE 
MEDULLA  OBLONGATA,  &a  IN  A  CASE  OF  LOCO- 
MOTOR ATAXIA  {TABES  DORSALIS),  By  G.  Sims 
WooDHEAD,  M.D.,  M.RC.P.E.,  Deraonstraior  of  Practical 
Pathology  in  the  University  of  Edinburgh.    (Plate  XL)  ^ 

It  was  pointed  out  some  time  ago  by  Dr.  D.  J.  Hamilton,*  that 
in  acute  myeletis,  produced  artificially,  the  axis  cylinders  in  the 
columns  of  the  cord  become  immensely  enlarged  at  certain 
points.  At  intervals  dilatations  or  oval  tumours  in  the  longitu- 
dinal course  of  the  nerve  appear.  Between  these  dilatations  the 
axis  cylinder  is  constricted,  this  constriction  becoming  more  and 
more  marked  until  at  length  the  swellings  are  quite  separated. 
In  some  of  the  swellings  we  have  concentric  rings.  These  swollen 
masses  divide  rapidly,  and  stain  deeply  with  carmine,  though  at 
first  they  appear  to  be  perfectly  homogeneous.  After  dividing, 
the  rounded  masses  make  their  way  through  the  nerve  sheath,  and 
involve  the  surrounding  tissue,  where  they  are  evidently  identical 
with  the  colloid  bodies  found  in  chronic  diseases  of  the  cord. 
If  the  inflammation  be  more  severe  the  masses  become  trans- 
parent and  granular,  and  several  nuclei  are  formed  in  their 
interior  mother  cells  (which  breaking  down  give  rise  to  suppura- 
tion). He  also  describes  changes  in  the  nerve-cells  and  neuroglia, 
which,  as  we  shall  see,  closely  resemble  those  to  be  described  as 
present  in  at  least  one  case  of  tabes  dorsalis. 

(1)  Fissiparous  division  of  the  nuclei  of  the  connective  tissue 
corpuscles ;  (2)  Changes  in  blood-vessels  common  to  all  inflam- 
matory conditions. 

He  then  suggests  that  the  absence  of  axis  cylinders  and  the 
presence  of  calloid  bodies  in  locomotor  ataxia,  epilepsy,  and 
syphilitic  medulla,  may  all  be  due  to  this  condition  of  inflamma- 
tion of  the  cord  in  which  the  axis  cylinder  is  becoming  varicose, 
and  there  is  distension  of  the  nerve  sheath. 

Professor  Strieker,  in  his  Vorlesungen  for  1880,  points  out 
that  he  did  not  beb'eve  in  these  changes  at  the  time  Uie  experi- 

1  Presented  as  a  Thesis  for  graduation  as  M.D.  in  the  University  of  Edinburgh, 
and  to  which  a  Gold  Medal  was  awarded, 
s  Microsoopical  Journal,  1875,  p.  838. 
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meots  were  made,  but  that,  siDce  he  has  seen  some  similar 
preparations  made  by  Dr.  Weiss  of  Vienna,  he  has  become 
thoroughly  convinced  of  the  accuracy  of  Dr.  Hamilton's  observa- 
tions. 

In  1864  Frommann^  described  in  a  case  of  sub-acute  myelo- 
meningitis a  tumefaction  of  the  axis  cylinders  of  the  nerves  of 
the  white  matter.  This  he  noted  both  at,  and  for  some  distance 
beyond  the  lesion. 

In  1871  Charcot^  examined  three  cases  in  which  after  inflam- 
mation of  the  cord  there  was  tumefaction,  not  only  of  the  axis 
cylinders,  but  also  of  the  cells  of  the  anterior  horns. 

Case  1. — Cord  divided  by  a  bullet.    At  point  of  division, 
nothing  but  increased  number  of  myelocytes,  many  of  which  are 
^  enlarged  and  surroimded  by  a  mass  of  protoplasm.    (Masses 

similar  to  those  described  above  ?). 

At  certain  points  in  the  cord  (near  traumatic  lesion)  the  axis 
cylinders  are  seen  to  have  dilatations  and  constrictions  similar  to 
those    artificially   produced.    Nerve    cells    swollen  and  more 
clearly  marked  than  usual. 
-  In  Case  2  reported  by  M.  Joflfroy  to  M.  Charcot,  there  is 

total  destruction  of  the  cord  at  one  level,  above  and  below  which 
may  be  made  out  all  the  above  changes. 

Whilst  in  Case  3. — (Sub-acute  inflammation), — he  noted — 

(1)  The  capillaries  present,  here  and  there,  moniliform  dilata- 
tions, and  in  their  walls  are  numerous  nuclei,  with  here  and 
there  masses  of  fatty  granules. 

(2)  The  axis  cylinders,  stripped  of  myeline,  are  thicker  than 
w            normal. 

(3)  Numerous  myelocytes,  both  free  and  enveloped  in  proto- 
plasm. 

(4)  Connective  tissue  reticulum,  in  which  the  meshes  of  the 
network  are  notably  thickened.  In  the  posterior  columns  of 
the  cord,  the  axis  cylinders  have  become  enormously  thickened, 
and  are  here  and  there  surrounded  by  only  a  small  amount  of 

^  ^'Untersueh:  Uber  die  normale  und  Pathohg,  Antxtomie  dea  Euckenmarks," 
1564,  pp.  98-105. 

^  **  Sur  la  tumefaction  des  cellules  nerveuses  motrices  at  des  cylinders  d'axe  des 
tubes  nerveuses  dans  certains  cas  de  my^lite." — Arch,  de  Physiol.  1871-72,  pp. 
98-100. 
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inyelina  Between  the  tumified  axis  cylinders  the  meshes  of  the 
reticulum  are  thicker  than  normal.  Cells  in  anterior  horn  are 
swollen. 

On  longitudinal  section,  these  axis  cylinders  are  seen  to  be 
moniliform. 

Charcot  considers,  then,  that  these  are  the  changes  which  take 
place  during  the  course  of  acute  or  sub-acute  myelitis,  and  he 
quotes  a  case  of  Dr.  Mtiller's,  in  which  much  the  same  appear- 
ances were  noted,  not  only  in  the  region  of  a  softening  of  the 
brachial  enlargement,  but  also  in  the  lateral  columns  which 
were  affected  by  a  consecutive  descending  myelitis^;  and  he  goes 
on  to  point  out  that  those  changes  in  the  axis  cylinder  may  take 
place  before  the  increase  of  connective  tissue,  in  the  chronic  con- 
dition, but  it  undoubtedly  does  occur  in  the  acute  stage. 

These  changes  in  the  axis  cylinder,  moniUform  swelling  and 
constriction,  in  fact,  may  be  regarded  as  being  one  of  the  most 
marked  of  the  anatomical  expressions  of  a  myelitis  of  the  cord, 
and  they  may  be  so  prominent  as  to  obscure  other  histological 
changes.  The  process,  if  not  checked,  will  go  on  to  complete 
disintegration  of  the  axis  cylinders  of  the  cord. 

M.  Hayem^  describes  very  much  the  same  conditions.  In 
addition  to  which  he  describes  a  gelatinous  material,  which  in 
many  respects  resembles  an  exudation  I  have  noticed  under  the 
desquamating  epithelium  of  the  4th  ventricle  in  a  case  of 
epilepsy. 

In  the  case  before  us,  in  connection  with  which  I  have  made 
the  following  short  abstract  of  the  post-mortem  report,  kindly 
supplied  to  me  by  Dr.  D.  J.  Hamilton,  Pathologist  to  the  Boyal 
Edinburgh  Infirmary,  to  whom  I  am  deeply  indebted  for  vidu- 
able  assistance  and  suggestions  during  the  time  that  I  was 
working  in  the  University  Pathological  laboratory.  I  may  here 
also  express  my  thanks  to  Professor  Grainger  Stewart  for  allow- 
ing me  to  publish  in  this  thesis  the  results  of  my  observations 
on  his  case.  A  number  of  most  interesting  facts  have  been 
observed,  some  corroborative  of  the  above  observations,  and 
others  bearing  further  in  no  small  degree  on  the  nature  of  the 
disease. 

1  <<Note  8UT  deux  cas  de  myelite  aigu^  centrale  dijQuse." — Arch,  de  Physiol, 
1874. 
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-,  aged  forty-nine,  foreman  engineer,  died  lOth  September 


1878,  under  the  charge  of  Professor  Grainger  Stewart. 

Post-mortem  examination  11th  September  1878.  History  was  that 
of  locomotor  ataxia  lasting  for  twelve  years,  and  of  a  most  marked 
character.  Post-^nortem  rigidity  very  slight ;  no  trace  of  bed  sores.  Body 
much  emaciated.  Pupils  smaller  than  usually  met  with  in  the  dead 
subject  Cheeks  sunken ;  no  glossiness  of  the  skin  in  any  part  All 
the  muscles  of  both  forearms  greatly  wasted ;  those  of  the  right  more 
than  those  of  the  left.  Legs  equally  emaciated,  most  markedly  so  in 
the  calves.  Fibrous  adhesions  of  pericardial  surfaces  in  front. 
Fibrous  pleural  adhesions  over  both  lungs,  in  which  too  are  caseous 
catarrhal  pneumonic  nodules,  softening,  &c.  Cavities  in  upper  lobes 
of  both  lungs.  Liver  very  fatty.  Small  gall  stones  in  gall  bladder. 
Kidneys ;  on  each  side,  pelvis  distended,  atrophy  of  substance  from 
pressure.  Deposits  of  uninary  salts  in  this  atrophied  substance. 
Ureter  diluted  and  thickened,  and  on  left  side  completely  closed  by  a 
sigmoid  twist  in  the  ureter  fixed  by  a  band  of  cicatricial  fibrous  tissue. 

'l  In  the  pelvis  was  an  abscess  containing  foetid  green  coloured  pus, 

situated  between  the  rectum  and  the  bladder.  Bladder  contained  a 
small  quantity  of  purulent  urine,  and  was  in  a  chronic  inflammatory 
condition,  thickened,  congested,  and  of  an  ashen  grey  colour  on  the 
surface.  Stomach  deeply  bile  stained  and  contained  a  quantity  of  bUe- 
stained  fluid ;  the  small  and  large  intestines  exhibited  nothing  worthy 
of  note. 

Head. — Frontal  bone  peculiarly  thick,  in  front  measuring  ftha  of 

t  an    inch  (Diploe  hard) :    in  occipital  region  f  ths  of  an  inch,  and 

in  temporal  region  f  ths  of  an  iuch.  Dura  mater  apparently  normal, 
but  somewhat  adherent  to  the  calvarium.  A  considerable  amount  of 
fluid  at  the  bass  of  the  brain.  Organ  weighed  almost  3  lbs.  Vessels 
at  the  base  (vertebral  and  basilar  arteries)  considerably  congested. 
At  the  tip  of  the  temporo-sphenoidal  lobe  on  either  side  the  arachnoid 
and  pia  mater  are  much  thickened,  and  apparently  firmly  adherent  to 
the  brain  substance.  The  vessels  throughout  the  brain  substance 
seemed  normal,  with  the  exception  of  slight  thickening  of  the  coats  of 
the  larger  branches.  Ko  change  was  observable  with  the  naked  eye  in 
any  of  the  cranial  nerves.  The  choroid  plexus  and  its  continuation 
were  of  a  brown  colour. 

Spinal  cord, — ^A  considerable  amount  of  cerebro-spinal  serous 
fluid.  About  the  level  of  the  7th  cervical  vertebra  the  dura 
mater  was  considerably  thickened  and  adherent  to  the  bodies  of 
the  vertebrsB  as  high  as  the  third  cervical  vertebra.  On  section 
of  the  organ  it  seemed  very  much  wasted  in  the  dorsal  region, 
more  especially  at  its  lower  part.  The  whole  of  this  region  showed 
the  most  marked  grey  degeneration  in  the  posterior  columns,  extending 
apparently  throughout  their  entire  extent.  The  grey  gelatinous 
substance  was  not  soft,  but  peculiarly  firm  in  texture.  It  could  be 
traced  downwards  throughout  the  lumbar  region,  and  upwards  to  the 
meduUa  oblongata,  where  it  was  apparently  lost.  In  the  cervical 
region  it  seemed  more  limited  to  the  postero  median  column. 
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Note, — We  shall  see  later,  on  microscopic  examination,  that  this 
limitation  is  only  apparent,  as  the  postero  external  columns  are  slightly 
affected  even  in  the  cervical  region,  in  addition,  to  virhich  the  direct 
cerebellar  tract  is  also  involved  in  the  degenerative  change& 

After  hardening  the  cord,  medulla  oblongata  and  certain  of 
the  nerves,  these  were  subjected  to  a  careful  examination,  with 
the  following  results.  (It  will  be  well  in  giving  these  results 
first  to  describe  the  changes  as  seen  in  a  single  nerve  tube,  and 
then  the  changes  taken  collectively.) 

Fig.  1  is  a  drawing  made  from  a  longitudinal  section  taken 
from  the  direct  cerebellar  tract  at  the  level  of  the  1st  cervical 
vertebra,  in  which  (a)  the  axis  cylinder,  still  a  homogeneous 
mass  without  the  slightest  appearance  of  segmentation,  is 
swollen  at  certain  points,  constriction  being  as  yet  but  imper- 
fectly marked  {b)  The  momliform  appearance  of  the  axis 
cylinder  is  here  seen,  but  as  yet  no  traces  of  segmentation ;  at 
(c)  these  homogeneous  masses  are  breaking  down,  and  we  have 
the  formation  of  a  mother  cell  (swollen  axis  cylinder)  containing 
smaller  masses  (broken  down  axis  cylinder  substance)  corre- 
sponding to  the  colloid  bodies  seen  in  chronic  myelitis.  At  {d) 
this  condition  is  extremely  well  marked,  in  addition  to  which 
we  here  note  the  results  of  a  further  degenerative  change,  as  in 
the  position  formerly  held  by  the  axis  cylinder  we  find  an 
enormous  number  of  small  fatty  globules  and  granules  which 
stain  black  with  osmic  acid.  From  a  section  of  the  same  cord 
at  the  same  level,  but  from  the  postero  external  column  (funi- 
culus cuneatus),  the  five  drawings  (figs.  2  to  6)  are  made  to 
illustrate  these  changes  in  the  axis  cylinder  as  seen  in  transverse 
section  of  the  nerve,  and  in  four  drawings  (figs.  7  to  10)  the 
changes  as  seen  in  longitudinal  section.  In  fig.  7  the  irregular 
constrictions  appear  at  intervals  along  the  axis  cylinder,  the 
myeline  remaining  intact  or  but  slightly  affected.  In  fig.  8  the 
alternate  constriction  and  swelling  has  become  much  more 
pronounced,  and  the  varicosity  is  now  well  marked. 

Fig.  9.  The  swollen  homogeneous  mass  or  collection  of  axis 
cylinder  substance  appears  to  have  become  vacuolated  or  nucle- 
ated, and  we  have  now  the  colloid  body  stage  above  mentioned. 
Were  this  an  acute  myelites,  it  seems  highly  probable,  from  the 
experiments  and  cases  quoted  above,  that  we  should  have  the 


{ 


PATHOLOGICAL  CONDITIONS  IN  THE  MEDULLA  OBLONGATA.  369 

purulent  stage  following  this,  and  the  axis  cylinder  breaking 
down  to  form  pus  corpuscles ;  whilst,  on  the  other  hand,  had  we 
to  deal  with  an  eztremely  chronic  condition,  this  process  would 
continue  no  further,  and  there  would  remain  a  mass  of  colloid 
bodies,  such  as  were  found  in  other  portions  of  this  cord,  where 
the  process  was  less  acute  than  it  was  at  the  point  we  are 
examining.  Here  we  have  to  deal  with  a  subacute  process,  or 
at  all  events  a  not  very  chronic  condition,  as  a  result  of  which 
the  colloid  bodies  undergo  the  further  change  noted  above  as  a 
fatty  degenerative  change  (fig.  10). 

Fig.  11  shows  the  same  changes  under  a  much  lower  power. 

Fig.  12  is  a  drawing  made  &om  a  section  through  the  valve 
of  Vieussens  at  the  point  of  decussation  of  the  fourth  nerve,  in 
which  the  coUoid  d^eneration  following  breaking  up  of  the  axis 
cylinder  may  be  observed.  It  will  be  seen  that  very  few  of  the 
nerves  remain  unaffected  in  this  region. 

In  fig.  13  may  be  seen  the  great  increase  in  the  amount  of 
connective  tissue,  bands  of  which  separate,  by  considerable  in- 
tervals, the  masses  of  breaking-down  axis  cylinders,  or  colloid 
bodies  derived  from  the  swollen  axis  cylinders.  If  this  drawing 
be  compared  with  a  section  of  the  healthy  direct  cerebellar  tract 
at  the  same  level,  it  will  be  seen  how  great  is  this  increase.  In 
the  healthy  condition  we  have  the  regular  arrangement  of  the 
nerve  fibres  (seen  in  transverse  section),  which  are  dosely  packed 
together,  with  just  sufficient  connective  tissue  to  support  them 
and  their  blood-vessels,  whilst  in  the  pathological  condition  we 
have  dense  masses  of  this  connective  tissue  taking  on  carmine 
staining  readily,  and,  embedded  in  this,  the  granular  masses  so 
often  referred  to.  All  these  changes,  from  the  first  condition  of 
moniliform  axis  cylinders,  said  by  Charcot  to  be  characteristic 
of  acute  inflammations  of  the  spinal  cord  down  to  the  colloid 
bodies,  held  to  be  almost  pathognomonic  of  chronic  myelites, 
recognised  as  such,  along  with  the  interatial  changes  and  the 
changes  in  the  vascular  supply,  point  to  a  condition  of  myelitis, 
and,  so  far,  we  have  found  these  changes  in  certain  definite  parts 
of  the  central  nervous  system  that  we  have  examined  in  this 
case  of  locomotor  ataxia. 

We  then  find  in  all  the  sections  we\have  examined  (some  700 
in  number)  of  the  central,  and  some  other  parts  of  the  nervous 
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system,  that  here  at  least  there  is  a  degeneration  of  the  axis 
cylinders,  which  commences  as  a  swelling  at  certain  points 
along  the  course  of  the  nerve.  We  have  thus  moniliform  cords 
formed  within  the  medullary  substance.  In  these  moniliform 
cords  a  colloid  change  goes  on  (the  colloid  bodies  staining  pretty 
deeply  with  logwood  and  carmine,  but  not  characteristically 
with  iodine  solution);  whilst,  as  the  disease  becomes  more 
advanced,  the  medullary  substance  becomes  decreased  in 
amount,  and  granular  masses  are  formed  by  the  fatty  degenera- 
tion of  the  colloid  bodies.  Accompanying  these  changes,  even 
in  the  earliest  stages  (especially  in  the  direct  cerebellar  tracts), 
there  is,  as  we  have  seen,  a  considerable  increase  of  connective 
tissue. 

In  the  posterior  columns  of  the  cord,  where  the  disease  com-  ^ 

menced  and  is  now  in  a  more  advanced  stage,  the  axis  cylinders 
have  disappeared  altogether,  and  the  medullary  sheath,  if  present, 
cannot  be  distinguished  from  the  surrounding  interstitial  tissue. 
In  the  direct  cerebellar  tract  we  have  the  clear  globular  masses 
(swollen  axis  cylinders  seen  in  transverse  section)  surrounded  at 
first  by  the  medullary  sheath,  in  which  is  to  be  seen  distinct  ^ 

lamination.  Wherever  these  masses  are  in  great  numbers  the 
axis  cylinders,  as  such,  have  disappeared. 

The  vessels  and  the  perivascular  spaces  are  seen  to  be  loaded 
with  fat,  whilst  to  the  surrounding  structures  have  been  carried 
numerous  white  blood  corpuscles  which,  along  with  the  pro- 
liferating connective  tissue  cells,  form  a  dense  connective  or 
interstitial  tissue. 

The  process,  then,  is  one  of  colloid  and  then  fatty  degeneration,  ^ 
absorption  of  fat,  which  is  carried  off  partly  by  the  perivascular 
lymph  channels,  exudation  of  white  blood  corpuscles,  prolifera- 
tion of  connective  tissue  corpuscles,  and  complete  replacement 
of  the  nerve  fibres  by  connective  tissue.  This  loading  of  the 
connective  tissue  with  wandering  cells  is  seen  also  in  the  pia 
mater,  in  which  position,  too,  the  perivascular  spaces  are  filled 
with  fatty  particles,  and  in  some  instances  we  have  a  substance 
giving  a  black  reaction  with  osmic  acid  in  the  vessel  itself. 

Without  quoting  the  various  authorities  for  and  against  the 
following  theory,  it  will  be  well  to  give  the  facts  on  which  the 
supposition  that  we  have  to  deal  with  an  infianmiatory  con- 
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dition,  commenciDg  first  in  the  nerve  fibre  (probably  in  the  axis 
cylinder),  and  secondly,  involving  changes  in  the  surrounding 
structures,  is  based. 

1.  In  this  myelitis  the  swelling  of  the  axis  cylinder  may  be 
the  chief  or  only  abnormal  condition  to  be  made  out. 

2.  Up  to  the  very  margin  of  the  diseased  area  the  surround- 
ing fibres  are  perfectly  healthy  (fig.  13). 

It  appears  to  be,  then,  a  disease  of  the  continuation  of  a  pro- 
cess of  a  nerve  cell  in  the  posterior  sfpinal  ganglion,  or  a  disease 
of  the  nerve  fibre  continued  direct  from  the  periphery.  The 
changes  follow  an  ascending  course,  and  only  those  cells  and 
nerves  are  affected  secondarily  with  which  the  primarily  diseased 
nerve  or  nerve-cell  is  in  direct  communication. 

That  the  connective  tissue  growth  is  secondary  appears  to  be 
evidenced  by  the  fact  that  its  area  of  increased  growth  is  so 
definitely  localised,  and  it  appears  to  be  due  to  the  decreased 
pressure  owing  to  the  absorption  of  the  axis  cylinder.  The 
medullary  sheath,  if  persisting,  has  pressure  brought  to  bear  on 
one  side  only,  and  in  addition  to  this  there  is  the  factor  of 
secondary  irritation  of  degenerating  tissues  to  be  brought  in  at 
this  point.  Then,  too,  if  the  increase  in  the  connective  tissue 
were  a  primary  change,  we  should  expect  that  growth  would 
take  place  regularly,  and  pretty  equally,  between  the  several 
nerve  tubes  and  the  patches  of  granular  axis  cylinders,  when 
present,  would  appear  as  minute  carmine  or  osmic  acid  stained 
points;  whereas  we  have,  instead  of  this,  only  a  few  of  the 
stained  patches^  and  these  are  of  considerably  greater  size  ihan 
could  be  accounted  for  by  a  single  axis  cylinder,  or  even  several, 
and  between  these  patches  the  bands  of  newly -formed  connective 
tissue  are  of  considerable  extent,  but  irr^ular  in  both  size  and 
distribution.  The  change,  then,  may  be  described  as  a  trophic 
disturbance  in  the  axis  cylinder,  which,  in  this  instance,  must 
be  regarded  as  the  nucleus  of  a  cell.  It  is  an  inflammatory 
change,  followed  by  a  degenerative  process.  There  is  a  breaking- 
up  of  the  axis  cylinder  of  which  we  have  a  gradual  atrophy. 
The  pressure  is  thus  taken  from  the  interior  of  the  medullary 
sheath,  which  contracts  just  as  in  the  case  of  a  vessel  from 
which  the  centrifugal  pressure  has  been  removed  in  endarteritis 
obliterans  in  a  healing  wound,  where  the  place  of  the  active 
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blood  pressure  is  taken  by  the  passive  clot.  The  connective 
tissue  has  no  internal  pressure  to  contend  against,  and  it  in- 
creases in  quantity.  It  takes  the  place  of  the  obliterated  tubes, 
and  so  comes  more  prominently  forward,  and  we  have  the  hard, 
grey,  sclerosed  mass  so  characteristic  of  tabes  dorsalis.  Examin- 
ing this  from  a  developmental  point  of  view,  we  have  the  fact 
that  the  central  nervous  system  is  developed  from  the  epiblast, 
in  so  far  as  the  nerves  and  cells  are  concerned,  but  it  must  be 
remembered  that  in  all  probability  the  connective  tissue  is 
primarily  derived  from  the  mesoblastic  layer. 

The  processes  of  nerve  cells  (epiblastic),  according  to  Flechsig,^ 
grow  in  the  direction  of  least  resistance,  but  whichever  way  they 
take  they  have  to  overcome  a  certain  resistance  as  they  pass 
into  the  mesoblasbic  layer.  So  long  as  these  ceU  processes  are 
healthy  and  vigorous  they  hold  their  own,  and  we  have  a  balance 
of  power.  As  soon,  however,  as  atrophic  changes  commence  in 
the  epiblastic  processes,  the  mesoblastic  elements  are  no  longer 
resisted  to  the  same  extent,  and  the  sheaths  of  the  nerve  fibnss 
are  pressed  together  as  soon  as  the  axis  cylinder  has  left  its 
place,  from  which  we  should  argue  that  the  connective  tissue 
plays  an  activp,  but,  at  the  same  time,  quite  a  secondary  part 
in  the  process.  This  can  scarcely  be  insisted  upon  too  strongly, 
as  it  bears  no  unimportant  I'elation  to  the  causation  of  locomotor 
ataxia,  although  I  am  perfectly  aware  that  in  the  above  state- 
ment there  are  many  points  in  which  there  is  wide  diveigence 
from  what  Leyden,  Charcot,  and  Lange  have  laid  down.  Ley- 
den,'  in  relation  to  this,  holds  that  in  locomotor  ataxia  there  are 
no  inflammatory  changes  either  in  the  nerve  elements  or  in  the 
connective  tissue,  but  a  simple  atrophy  of  the  nerve  fibres. 
Charcot  and  Friedrich  both  contend  that  there  is  a  myelitis, 
but  ignore  to  a  great  extent  the  primary  lesion  in  the  nerve, 
and  lay  far  too  great  stress  upon  the  formation  of  connective 
tissue,  making  it  the  primary,  rather  than  the  secondary  process. 

Then  I^ange^  lays  it  down  as  his  opinion  that  the  great  factor 
in  locomotor  ataxia  is  a  secondary  degeneration  due  to  primaiy 

^  Flechsig,  P.,  DU  Leitungabahnen  im  Oehim  und  Eilekenmark, 
'  Leyden,  £.,  Klintk  der  RikhtninarVs  KrankheUerif  1874. 
*  Quoted  from  £rb  on  '*  Tabes  Dorsalis,"  in  Von  Ziemssen's  CfydopaBdia  of  the 
Practice  of  Mediciive  (English  translation). 
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affection  of  the  posterior  nerve  roots,  caused  by  pressure  of 
thickened  and  inflamed  meninges.  It  may  be  a  secondary 
degeneration,  but  it  is  probably  of  an  inflammatory  nature. 

Dr.  Weiss  of  Vienna  has  lately  advanced  a  theory,  which  is 
much  more  in  accordance  with  the  above,  that  the  fibrous- 
looking  connective  tissue  is  derived  from  the  elements  of  the 
nerve  fibre.  It  will  thus  be  seen  that,  with  the  exception  of  Dr. 
Weiss,  all  the  above  writers,  as  we  have  said,  consider  the  con- 
nective tissue  new  formation  the  primary  process  in  the  disease. 
From  evidence  afforded  by  the  preparations  under  consideration, 
this,  I  think,  ia  proved  not  to  be  the  casa 

That  this  is  the  only  form  of  pathological  change  in  cases  of 
locomotor  ataxia,  I  am  not  for  a  moment  prepared  to  assert ;  in 
fact,  there  seem  to  be  several  lesions  in  the  cord  which  may  give 
rise  to  very  similar  symptoms.  For  instance  Erb,^  describes  a 
condition  very  dissimilar  from  the  above.  In  the  first  stage 
he  describes  a  thickening  of  the  interstitial  tissue  and  an  in- 
creased development  of  Deiter's  cells  (Neuroglia  cells).  This, 
in  all  probability,  ia  a  secondary  process.  He  then  goes  on 
to  state  that  in  the  nerve  fibres,  apart  from  the  simple  emacia- 
tion, dwindling,  and  final  disappearance,  there  are  no  changes. 
A  slight  thickening  of  the  nerve  fibres  is  rare ;  there  is  usually 
no  breaking  down  of  the  medullary  sheaths,  nor  fatty  degenera- 
tion of  the  same,  nor  swelling  of  the  axis  cylinder.  It  is 
merely  a  question  of  simple  atrophy  and  disappearance  of  the 
fibres.  *' Granular  cells  are  found,"  says  he,  ^the  vessels  are 
thickened,  the  walls  are  rich  in  nuclei,  corpora  amylacea  are 
scattered  throughout  the  tissue  in  greater  or  less  numbers." 
The  later  stages  he  describes  pretty  much  as  we  have  done. 
From  the  conditions  given  I  am  undecided  as  to  what  the 
change  really  is,  but  I  am  strongly  inclined  to  believe  that  even 
here  we  have  to  do  with  a  primary  nerve  change,  of  which  the 
first  indications  have  been  overlooked.  The  corpora  amylacea 
point  to  this  fact,  and  those  who  have  studied  this  subject  know 
how  easy  it  is  to  overlook  the  primary  stages  of  varicosity  of  the 
axis  cylinder,  when  only  transverse  sections  of  the  cord  are 
examined. 

DistrilnUion  of  affected  areas. — As  I  could  only  examine  the 

»  Ibid. 
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me<lnlla  oblongata  and  the  nerves  passing  to  it,  I  shall  here 
simply  give  the  general  distribution  of  the  anatomical  changes 
in  a  typical  case  of  locomotor  ataxia,  after  which  we  can  consider 
the  distribution  of  the  morbid  changes  in  the  medulla  obloi^ata, 
&C.,  in  the  case  before  us. 

It  has  been  pcnnted  out  by  M.  Pierret  ^  that  the  essential  region 
in  which  changes  must  take  place  is  the  postero-extemal  column, 
and  he  gives  a  number  of  cases  in  which  this  is  exemplified. 
Then,  too,  he  affirms  that  the  postero  median  column  (funieulus 
gracUis)^  along  with  the  direct  cerebellar  tracts,  may  both  be  in 
the  last  stages  of  degeneration,  with  scarcely  a  symptom  of  loco- 
motor ataxia  present  In  cases  of  Pott's  curvature  of  the  spine, 
for  instance,  where  we  have  ascending  degeneration  in  these 
tracts  following  myelitis  due  to  pressure  of  the  vertebrae.     It  «• 

will  be  well  to  omit  the  discussion  of  the  statements  regarding 
the  passage  upwards  of  the  posterior  nerve  root  fibres  to  the 
postero-extemal  column  and  the  posterior  median  column  ifasd- 
cuius  gracilis).  We  will  simply  note  that  in  the  case  before  os 
the  posterior  external  columns  are  in  an  advanced  condition  of 
sclerosis,  and  that  this  extends  upwards,  especially  in  the  posteio  j 

median  columiL  The  posterior  nerve  roots  have  become  mere 
threads,  the  cells  in  the  posterior  horn  of  grey  matter  are  be- 
coming bittily  d^enerated  or  pigmented ;  whilst  a  few  cells  in 
the  anterior  horn  are  also  shrivelled  in  appearance,  and  some 
seem  to  be  undergoing  a  fatty  change.  (These  changes  will 
probably  be  made  the  subject  of  a  special  paper  in  connection 
with  the  case,  which  I  am  not  able  to  give  here.) 

In  addition  to  these  changes,  we  have  in  the  upper  cervical  ^ 

r^on  an  advanced  stage  of  degeneration  of  the  direct  cerebellar 
tract,  which,  as  pointed  out  by  Flechsig,  Pierret,  Cowers,  Duval, 
&C.,  is  as  a  rule  seen  only  in  ascending  d^eneration  of  the 
cord. 

The  point  in  the  posterior  external  column,  according  to  Pierret, 
at  which  the  change  commences  is  between  the  arching  commis- 
sural  fibres  of  Todd  and  Yulpian,  and  the  deeper  set  of  fibres  of 
Dean  and  KoUiker,  which  come  from  the  posterior  roots ;  or  the 
sclerosis,  he  thinks,  may  commence  in  one  or  other  of  these  sets 

'  Pierret,  A.,  *'  Note  snr  un  cas  de  Sderoee  primitiTe,  da  faiscean  mediui  dcs 
oofdons  pofiterieuD,"  Arekivea  de  Physkiogie^  1873,  pp.  74-78. 
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of  fibres.  In  one  case  he  describes  it  {loc.  cU,)  as  commenciDg 
as  two  small  islets  of  sclerosis  in  the  external  bands  of  the 
posterior  column,  occupying  the  inner  border  of  the  posterior 
horns,  in  which  are  both  commissural  and  internal  radicular 
fibres,  though  he  cannot  say  which  set  of  fibres  was  first  affected. 
This  patch  tends  to  spread  inwards  to  the  postero  median 
column,  and  externally  to  the  posterior  horn.  With  the  affec- 
tion of  the  postero  median  column  no  new  symptoms  are  de- 
veloped, though  this  is  not  the  case  when  the  external  band  is 
implicated. 

The  internal  root  is  next  affected,  after  which  the  posterior 
horn  and  the  direct  radicular  fasciculi.  Then  the  external 
radicular  fibres  and  the  direct  cerebellar  tracts  are  involved, 
the  train  of  syinptoms  in  all  cases  keeping  pace  with  the 
extension  of  the  diseased  process,  and  occurring  in  as  regular 
order  as  does  this  extension  of  the  disease. 

These  symptoms  are  at  first  formication,  numbness,  slight 
clumsiness,  and  lightning  pains,  followed  later  by  sensory 
troubles,  hypereesthesia,  anaesthesia,  and  motor  inco-ordination. 
Then  follow  cramps  and  subsultus  in  the  limbs,  crossed  paresis, 
which  ends  in  almost  complete  paralysis,  often  with  rigidity. 
We  have  then  to  do  with  a  fixed  morbid  change,  accompanied 
by  symptoms  which  occur  in  regular  sequence  from  below 
upwards.  For  instance,  as  Pierret  points  out,  we  may  find 
anaesthesia  in  the  legs,  whilst  in  the  arms  and  hands  there  may 
be  only  lightning  pains,  and  so  on  throughout  the  whole  series 
of  symptoms. 

In  the  case  before  us,  as  in  Pierret's  cases,  the  ascending 
degeneration  in  the  postero  median  column  stops  at  the  nucleus 
of  this  column  in  the  restiform  body — just  as  we  should  expect 
from  a  consideration  of  Flechsig's  observations.  That  in  the 
posterior  external  zones  and  the  direct  cerebellar  tracts  is,  how- 
ever, continued  into  the  cerebellum  by  the  inferior  peduncle.  In 
a  section  through  the  inferior  cerebellar  peduncle  the  morbid 
process  is  very  well  marked,  as  it  is  also  in  the  fibres  running 
between  this  tract  and  the  auditory  nerve. 

CJianges  in  the  TrvedvUa  dblongdta  and  in  the  nerves  passing  to 
it. — The  changes  in  the  axis  cylinder  have  from  time  to  time 
been  noted  in  both  the  grey  and  the  white  matter  of  the  brain ; 
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and  in  Virchow's  Archiv  for  1873,  Bd.  58,  is  a  resum^  of  what 
was  known  on  the  subject  at  that  date.^ 

It  is  here  pointed  out  that  this  change  occurs  in  Bright's 
disease,  in  which  case  it  is  ascribed  to  a  degeneration  of  the 
nerve  fibre. 

Hadlich^  also  describes  a  varicose  condition  of  the  axis 
cylinder  of  the  processes  of  the  ganglion  cells  of  the  grey 
matter  of  the  cerebellum. 

Grobe  noted  the  same  changes  in  the  brain  of  a  rabbit  in  both 
white  and  grey  matter,  and  he  records  cases  where  the  condition 
was  noted  in  the  brains  of  patients  under  his  charge,  for  further 
details  of  which  see  Virchow's  Archiv  for  1873.  In  the  optic 
nerve  Zenker'  and  Virchow*  describe  these  varicosities  (swell- 
ings of  the  axis  cylinders)  in  the  retina,  and  that  they  are  of 
frequent  occurrence  is  evidenced  by  the  fact  that  they  were 
again  described  by  H.  Mtiller,  Schweiger,  and  Nagel  in  Die 
Archiv  /.  Ophthal.  Bd.  iv.  and  vi.  All  these  authorities  concur 
in  noting  these  moniliform  axis  cylinders  in  the  retina,  but  they 
do  not  seem  to  have  traced  the  change  into  the  optic  nerve.  I 
have,  however,  managed  to  demonstrate  these  changes  in  the 
first  three  quarters  of  an  inch  of  the  nerve  after  it  has  left  the  ^ 

retina,  in  the  decussation  of  the  nerves,  and  for  a  short  distance 
beyond  this  in  the  optic  tract;  and  as  the  change  occurs  in 
every  part  of  the  nerve  that  I  had  to  examine,  it  appears  to  be 
even  more  than  probable  that  the  presence  of  this  change  will 
be  before  long  demonstrated  in  the  whole  extent  of  the  optic 
tract  as  far  as  the  corpora  quadrigemina,  in  which  case  we 
should  have  a  completion  of  the  chain  of  disease  from  the  ^ 

posterior  root  zones  on  the  one  hand,  to  the  optic  discs  on  the 
other.  In  the  meantime,  it  is  to  be  remembered  that  these 
changes  do  occur  in  the  optic  tract,  and  that  they  are  identical 
with  those  earlier  changes  we  have  mentioned  as  seen  in  the 
posterior  columns  of  the  cord.  Though  here  the  changes  are 
never  so  far  advanced  as  we  have  found  them  in  the  cord,  we 
have,  in  fact,  the  moniliform  appearance  and  the  coloured  masses, 

*  Prof.  M.  Roth,  Ueber  varieGse  Hypertrophie  der  Nervenfasem  da  Oehims, 
p.  255 ;  Dr.  Otto  Obermeier,  Varicose  Axencylinder  im  Centraliiervenayttem^ 
p.  323.  •  Virchow's  Arehio,^  Bd.  xlvi 

»  Ardhiv.J.  OphikaL  Bd.  ii.  *  Virohow's  Archiv.,  Bd.  x. 
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smaller,  it  is  true,  in  this  r^on,  as  the  fibres  are  smaller,  but 
even  more  distinctly  marked  than  in  the  cord.  £rb,^  writing  on 
the  disturbances  of  the  auditory  sense,  remarks  that  observations 
have  been  made  by  various  anthers  as  to  these  disturbances  of 
hearing.  These  are  considered  by  Lucae  to  be  merely  accidental, 
where  he  demonstrated  this  to  be  the  condition  in  two  cases 
that  came  under  his  observation.  Erb,  however,  mentions  one 
case  which  he  thinks  proves  that  tabes  may  be  also  accompanied 
by  purely  or  principally  nervous  deafness,  which  he  considers 
depends  in  all  probability  on  atrophy  of  the  auditory  nerve,  and 
is  thus  analogous  to  atrophy  of  the  optic  nerva 

After  quoting  the  case,  in  which  there  was  no  post-mortem  ex- 
amination, he  goes  on  to  say : — "  But,  at  all  events,  the  question 
of  the  occurrence  of  affections  of  the  auditory  nerve  in  tabes 
requires  more  accurate  investigation.''  In  the  case  before  us  we 
have  undoubtedly  an  affection  of  the  auditory  nerve,  which, 
along  with  the  clinical  features  of  the  case  (when  published), 
will  go  far  to  set  aside  any  doubts  as  to  the  condition  of  the 
auditory  nerve  in  some  cases  of  locomotor  ataxia. 

The  nerves  are  in  a  similar  condition  to  those  of  the  optic 
nerve  and  spinal  cord.  There  are  numerous  colloid  bodies  along 
the  whole  external  course  of  the  nerve,  and  for  some  distance 
into  the  medulla  oblongata.  In  addition  to  these  changes,  the 
swollen  axis  cylinders  are  present  in  great  numbers.  The 
varicosities  on  these  are  remarkably  well  ^een,  and  the  whole 
nerve  presents  the  tj^ical  neuritic  (myelitic)  condition,  as  it  was 
described  earlier.  As  yet,  I  have  not  been  able  to  trace  this 
change  to  the  nerve  nucleus,  but  it  appears  that  the  change  has 
been  followed  quite  far  enough  to  enable  us  to  account  for 
auditory  disturbances 

In  the  fifth  nerve  the  change  is  in  some  places  peculiarly  well 
marked.    We  shall  consider  this  later. 

The  fourth  nerve,  examined  at  its  periphery,  remains  un- 
changed ;  but  at  the  valve  of  Yieussens,  at  the  upper  part  of  the 
fourth  ventricle,  at  which  point  the  fourth  nerves  decussate  and 
come  into  close  contact  with  the  deep  band  of  Beil  (forming  the 
roof  of  the  fourth  ventricle  or  valve  of  Vieussens),  we  have  a  num- 
ber of  these  colloid-looking  bodies  (fig.  12)  in  the  various  forms ; — 

1  £rb,  loe.  cU.  p.  581. 
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the  varicose  axis  cylinders  and  the  fatty  debris  of  some  of  these 
broken  down  cylinders.  In  this  position  the  axis  cylinders  must 
be  those  of  one  of  two  sets  of  fibres,  or  of  both, — either  of  the 
posterior  fibres  of  the  decussating  deep  bands  of  Beil,  or  of  the 
decussating  fibres  of  the  fourth  nerve.  If  the  band  of  Beil  be 
affected,  these  masses,  by  the  pressure  and  the  irritation  they  set 
up,  are  likely  to  affect  the  fourth  nerve,  first  irritating  it,  and 
then  causing  a  certain  amount  of  loss  of  function  and  paresis. 
We  have,  in  fact,  pretty  much  the  same  set  of  conditions  as  we 
shall  describe  later  in  connection  with  the  descending  root  of  the 
fifth  nerve,  as  it  caps  the  posterior  horn  of  the  grey  matter  in  the 
npper  cervical  region  of  the  cord. 

The  changes,  if  in  the  fourth  nerve  itself,  would  readily  account 
for  symptoms,  but  the  former  appears  to  be  the  real  state  of 
affairs.  The  other  motor  nerves  appear  to  be  unaffected,  and,  so 
far,  I  have  been  unable  to  demonstrate  any  typical  change  in  the 
olfactory  nerves.^ 

These  sensory  nerves  then,  with  the  above  ^exception,  are 
affected  by  a  change  which  corresponds  in  its  histological  appear- 
ances to  that  found  in  the  posterior  or  centripetal  spinal  tracts, 
whilst  the  motor  nerves  appear  to  be  quite  unaffected,  unless  it 
be  at  some -point  where  they  come  into  close  contact  with  some 
band  or  other  connected  with  the  sensory  area. 

From  these  facts  we  are  compelled  to  come  to  the  conclusion 
that  we  have  an  affection  of  nerves  which  are  in  no  way  connected 
externally  with  the  spinal  cord,  which  do  not  run  directly  into 
the  root  zones,  which  in  all  probability  degenerate  from  the  peri- 
phery towards  the  centre,  and  which,  to  all  appearances,  present 
very  much  the  characters  observed  in  parenchymatous  neuritis, 
as  described  by  M.  Joffroy.^  He  points  out  that  under  certain 
conditions,  such  as  occur  in  lead  poisoning,  in  infectious  diseases, 
rheumatic  diathesis,  &c.,  we  have  changes  in  the  nerves  (confined 
to  certain  bands,  however),  which  can  best  be  described  as  a 
parenchymatous  neuritis.    It  appears  to  be,  as  as  he  describes  it, 

^  In  some  sections  of  the  olfactory  nerve  a  number  of  colloid  bodies  were  to  be 
made  out,  and  some  of  the  delicate  nerve  fibres  appeared  to  have  their  axis 
cylinders  slightly  moniliform,  but  (he  change  was  not  nearly  so  definitely  marked 
as  in  the  other  sensory  nerves. 

*  Dr.  Alex.  Joffroy,  **  De  la  N^vrite  Parenchymateuse  spontan^  Gren^ralis^e  ou 
Partielle,"  Arch,  de  Physiologie,  1879,  p.  178,  &c 
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identical  with  the  change  we  have  under  observation  in  the  case 
now  under  consideration. 

In  his  observations  he  gives  cases  in  which  the  symptoms 
were  extreme  pain,  darting  like  those  lancinating  pains  of  loco- 
motor ataxia.  At  the  same  time  there  was  wasting  of  muscles 
in  certain  regions,  affecting  the  positions  of  the  limbs.  Beaction 
of  degeneration  in  affected  muscles.  The  first  case  was  a  con- 
valescent from  small-pox,  who  died  of  tuberculosis.  Here  the 
nerves  were  found  to  have  lost  the  axis  cylinder  and  the  myeline. 
The  pain  commenced  before  the  atrophy,  and  in  all  proba- 
bility a  myositis  followed  a  neuritis,  the  reverse  seldom  occurring. 
In  these  cases  examined  by  M.  Jeffrey,  however,  the  brain  and 
spinal  cord  were  perfectly  healthy.  He  then  gives  a  series  of 
cases  in  which  there  is  a  general  parenchymatous  neuritis.  In 
one  case  mentioned  he  states  that  notion  of  position  is  quite  lost 
when  the  eyes  are  closed ;  skin  reflex  slightly  affected ;  no  eye 
troubles ;  no  lancinating  pains  or  gastric  crises ;  no  paralysis. 
There  comes  on  rapid  affection  of  muscles  (extensors),  with  a 
great  amount  of  inco-ordination  (pointing  to  the  fact  that  the 
fibres  when  in  the  cord  have  only  the  same  function  that  they 
have  in  the  peripheral  nerves).  There  comes  to  be  great  atrophy 
of  the  muscles,  along  with  paralysis,  especially  in  the  lower 
limbs,  whilst  the  electric  contractility  is  lost  or  greatly  diminished. 
Patient  died  of  phthisis.     Cord  and  membranes  healthy. 

Nerves  under  microscope, — A  number  of  the  tubes  are  healthy, 
whilst  others  have  undergone  a  segmentation  of  the  myeline, 
and  we  hobvefaity  graTmles,  which  in  some  tubes  completely  fill  the 
substance  of  Schwann,  He  states  that  when  the  nerves  have  been 
in  chromic  acid  and  alcohol  all  traces  of  fat  and  segmentation  of 
the  myeline  have  disappeared,  and  the  axis  cylinder  is  not  to  be 
made  out.     There  is  proliferation  of  connective  tissue  nuclei. 

There  are  no  changes  in  the  nerve  roots,  and  the  alterations 
are  confined  to  those  parts  of  the  nerve  which  are  distributed  to 
the  muscles. 

In  cases  quoted  from  M.  Lancereaux  and  M.  Le  Gros,  even 
more  of  the  locomotor  ataxic  symptoms  are  described;  formication, 
sharp  jerking  pains,  atrophy  of  muscles,  fleeting  ocular  troubles, 
general  ansesthesia^  and  death  by  asphyxia  in  one  case,  and  pul- 
monary apoplexy  in  the  other.  Cord  healthy.  Nerves  affected 
as  above. 
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The  chief  symptoms  are  atrophy  of  the  muscles,  sensory 
troubles,  which  are  increased  by  movement,  especially  where  we 
have  hypersBsthesia  in  the  form  resulting  from  cold,  &c.  (this 
is  as  a  rule  wanting  in  the  form  resulting  from  lead  poisoning, 
where  we  may,  however,  have  numbness  and  cramps),  and  in  the 
generalised  form  of  the  disease  the  symptoms  are  those  of  loco- 
motor ataxia. 

Professor  Grainger  Stewart,^  describing  the  changes  in  the 
nerves  from  a  case  of  peripheral  paralysis,  points  out  a  series  of 
conditions  which  appear  to  me  to  be  identical  with  those  I  had 
demonstrated  in  not  only  the  sensory  cranial  nerves,  but  also  in 
the  parts  of  the  cord  and  medulla  oblongata,  in  which  I  found 
the  myelitic  conditions.* 

These  cases  then  go  far  to  help  me  in  proving  that  we  have  in  fi 

peripheral  paralysis  a  key  to  the  pathology  and  symptomatology 
of  locomotor  ataxia.  In  Professor  Stewart's  case  of  peripheral 
paralysis  we  have  the  breaking  up  of  the  axis  cylinder  to  form 
fatty  bodies  within  the  sheath  of  the  nerve.  These  are  seen 
to  be  arranged  in  rows  at  first,  but  eventually  become  discharged 
into  the  surrounding  tissues,  where  they  are  seen  as  colloid  bodies,  j 

or  are  absorbed  as  fatty  particles.  The  increase  of  connective 
tissue  is  here  not  so  rapid  as  in  the  cord,  and  we  observe  the 

1  Edinburgh  Med.  Jounu  1881. 

*  I  should  here  point  out  that  M.  Gombault,  in  a  '*  Gontribation  a  I'^tude 
Anatomique  de  la  N^vrite  parenchymateuse  subaigu^  et  chroniqne,  N^vrite  seg- 
mentaire  periaxile,"  in  Archives  de  Neurologie,  1881,  pp.  11-177,  describes  two 
oonditioDS  of  nerves  of  monkeys  affected  by  lead  poisoning : — 

(1)  Occurring  at  various  parts  of  the  nerve,  and  affecting  several  out  of  a  bundle 
only,  commencing  at  a  certain  end  of  the  intemode,  then  affecting  the  other 
end,  and  lastly,  the  intermediate  portion.  Here  there  is  no  change  in  the  axis 
cylinder,  but  the  myaline  undergoes  segmentation,  and  may  be  broken  down  into 
small  fatty  droplets  stained  black  with  osmic  acid.  In  this  form  the  connection 
with  nerve-cell  is  at  no  point  interrupted,  and  it  may  be  set  up  by  irritation. 

(2)  The  second  form  occurs  where  the  above  process  is  extended,  and  there  is 
interruption  at  some  point  between  the  nerve-cell  and  the  part  at  which  the  change 
is  taking  place.  This  interruption  may  extend  irom  the  cell  without  the  first 
process  being  brought  in  at  all.  In  this  we  have  the  axis  cylinder  becoming 
varicose,  and  aU  the  other  changes,  apparently  as  we  have  described  them,  with 
the  exception  that  M.  Gombault  holds  that  the  black  granules  are  derived  from 
the  myeline. 

He  insists,  however,  on  the  fact  that  in  this  form  there  is  gradual  loss  of  function 
in  the  nerve  fibre,  whilst  in  the  first  form  this  is  not  the  case.  He  speaks  of  both 
these  processes  as  *' inflammatory"  and  as  " parenchymatoiiA." 
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preliminary  stages  more  easily  and  accurately  than  I  have 
hitherto  been  able  to  make  them  out  in  the  cord.  I  think,  how- 
ever, that  if  any  one  will  take  the  trouble  to  examine  the  draw- 
ings from  sections  from  this  case  carefully,  and  compare  them 
with  the  drawing  given  by  Professor  Stewart,  they  will  find  how 
nearly  alike  the  two  processes  are. 

As  yet  we  have  no  definite  statistics  as  to  the  causes  of  these 
diseases,  but,  so  far  as  can  be  made  out,  these  causes  are  identical 
in  the  two  cases.  They  may  both  follow  acute  and  chronic 
disease ;  they  both  may  be  brought  on  by  great  exertion  of  co- 
ordinating movements,  by  syphilitic  poison,  lead  poisoning,  &c. ; 
whilst,  as  we  have  seen,  in  both,  the  symptoms  are  similar.  The 
course  may  be  more  or  less  rapid  or  extremely  chronic  in  both. 
One  difference  should  be  noted,  and  that  is  that  in  peripheral 
paralysis,  in  some  cases  at  least,  we  have  muscular  atrophy, 
whilst  in  locomotor  ataxia  proper  there  is  none  of  this,  unless 
the  anterior  horns  of  grey  matter  become  affected.  This  may  be 
explained  by  the  fact  that,  in  a  nerve  the  sensory  fibres  are  so 
blended  with  the  motor  fibres  that,  although  they  are  first 
affected,  as  evidenced  by  the  acute  pain  at  the  commencement  of 
the  disease,  the  motor  fibres  are  secondarily  implicated  (just  as 
in  the  case  of  the  fourth  nerve  in  the  valve  of  Yieussens),  and 
we  have  then  atrophy  of  the  muscles  to  which  these  fibres 
are  supplied ;  whilst,  when  the  posterior  root  zones  are  affected, 
the  nerve  fibres  involved  are  some  distance  from  any  motor  fibres, 
and  we  have  consequently  no  affection  or  atrophy  of  the  muscles 
until  the  disease  is  somewhat  advanced.  In  the  same  way  we 
must  account  for  the  paralysis  in  the  one  case  and  the  want  of 
it  in  the  other.  In  the  early  stage  of  the  parenchymatous  neuritis 
we  have  all  the  conditions  necessary  for  a  locomotor  ataxia. 

What  then  are  the  causes  of  the  ataxic  symptoms  ?  The  cord 
is  evidently  not  necessarily  a  centre  for  co-ordinating  movements, 
for,  as  above  noted,  there  is  a  loss  of  co-ordinating  power  in  peri- 
pheral paralysis,  although  the  cord  has  been  proved  to  be  perfectly 
healthy. 

In  the  lesion  demonstrated  it  appears  probable  that  we  have 
a  sufficient  cause  for  the  altered  co-ordinating  power. 

Dr.  Brakenridge  *  considers  that  we  have  to  t£ike  into  account 

^  British  Med.  J<mm,  Oct.  11,  1879. 
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the  diminished  (not  abolished)  sensibility  to  external  impressions. 
This,  however,  appears  to  me  to  be  a  mere  accident,  consequent 
on  the  condition  of  the  nerves,  but  not  necessary  to  the  want  of 
co-ordinating  power.  In  the  same  manner  it  is  not  necessary,  I 
consider,  thab  the  "  sense  of  weight "  should  be  impaired  in  degree, 
though  this  for  the  same  reason  is  generally  the  case,  and  so  on 
with  the  sensibility  of  other  parts,  which  Dr.  Brakenridge  groups 
under  headings  of  deep  parts,  periosteum,  &c.  It  is  essential, 
however,  that  the  power  of  accurately  localising  an  impression 
be  lost,  not  as  to  intensity  and  position,  btU  as  to  time. 

We  have  already  seen  that  in  an  affected  portion  of  nerve 
fibres,  either  in  the  cord  or  in  a  nerve  trunk,  we  can  observe  in 
the  same  field  ( x  800)  of  very  small  area  that  we  have  axis 
cylinders  in  all  stages  of  constriction,  from  a  simple  indentation 
to  a  complete  division.  As  the  constriction  becomes  more  marked 
the  intervening  nodules  become  larger  and  thicker.  We  have 
now  our  nerves,  some  healthy  and  some  about  to  become  divided> 
with  all  intervening  stages  (those  already  divided  at  the  inter- 
nodes  we  may  leave  out  of  account  for  the  present). 

Along  the  normal  fibres  a  peripheral  impulse  will  be  carried 
at  the  normal  rate  of  transmission  to  the  cord,  medulla  oblongata 
or  cerebrum,  and  a  certain  effect  is  produced  reflexly  if  the  con- 
necting fibres  be  still  intact,  or  on  the  sensorium,  if  the  path  be 
still  perfectly  clear.  Those  nerves,  however,  which  have  become 
varicose  have  an  altered  conducting  power.  As  the  constric- 
tions and  enlargements  become  more  and  more  marked,  it  is 
hard  to  believe  that  there  is  no  alteration  in  the  conductivity  of 
the  nerve.^  If  the  conduction  be  molecular,  it  would  appear 
that,  owing  to  the  frequent  concentration  and  dispersion  of 
energy  in  its  passage  along  the  varicose  nerve  cylinder,  the 
rapidity  with  which  the  impulse  passes  is  considerably  de- 

^  Comparing  this  with  the  passage  of  an  electric  current  along  a  wire,  we  know 
that  the  conductivity  of  a  wire  remains  the  same  whether  it  be  *'  varicose  "  or  not, 
if  the  amount  of  material  be  the  same.  That  is,  the  resistance  to  the  current 
remains  the  same,  with  this  exception,  however,  that  if  any  part  of  the  wire  be 
80  thin  as  to  be  heated  to  a  very  high  temperature  by  the  passage  of  the  current, 
there  will  be  an  additional  resistance  set  up  on  account  of  this  raised  temperature. 
In  connection  with  the  nerve,  we  must  remember  that  owing  to  the  imbibition  of 
fluid  (Gombault,  loc.  cit.)^  there  is  both  increased  mass  of  matter  in  the  axis 
cylinder  and  alteration  in  its  molecular  constitution. 
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creased,  so  that  an  impulse  gradually  takes  a  longer  and  longer 
time  to  reach  the  braia  Along  with  this  we  have  the  altered 
condition  ot  the  quality  of  the  sensation  to  which  allusion  has 
been  made.  In  some  fibres,  again,  the  axis  cylinder  is  so  broken 
down  that  no  impulse  of  any  kind  can  pass.  As  a  result  of  all 
this  the  patient  has,  as  it  were,  "  lost  his  bearings."  His  recep- 
tive  organs  may  be  in  perfect  order.  He  is  able  to  translate 
each  impulse  as  he  receives  it,  and  acts  on  the  translation  of  this 
in  such  a  manner  that  if  it  were  normal  he  would  effect  his 
object.  This  impulse  is  not  normal,  it  is  made  up  of  numerous 
impressions,  all  starting  at  the  same  time,  but  all  arriving  at 
their  destination  at  very  different  intervals,  so  that  the  patient 
gets  false  impressions.  He  therefore  contracts  muscles  and 
co-ordinates  movements  which  would  serve  his  purposes  well 
enough  if  the  impressions  as  he  received  them  had  started  as 
such,  but  which  are  all  far  from  accomplishing  the  necessary 
movements  in  answer  to  the  impulses  as  they  started  from  the 
periphery. 

This  disorganisation  of  the  rate  of  passage  of  sensory  impulses 
is  produced  all  the  same  whether  the  nerve  be  affected  in  the 
posterior  root  zone  of  the  spinal  cord  in  the  peripheral  termina- 
tion of  an  ordinary  sensory  nerve,  or  in  the  peripheral  or  central 
terminations  of  a  nerve  of  special  sense.  If  the  root  zone  be 
affected  in  the  lumbar  region,  we  have  the  ataxic  gait ;  if  in  the 
cervical  enlargement,  we  have  want  of  power  of  co-ordinating 
movements  in  the  hands  and  arms;  if  in  the  nerves  coming 
from  these  parts,  we  have  just  the  same  symptoms  of  inco- 
ordination of  movement,  &c.,  such  is  the  case  in  peripheral  par- 
alysis ;  if,  as  in  the  case  before  us,  there  is  an  affection  of  the 
auditory  nerve,  there  will  be  delay  in  the  arrival  of  an  impression 
arriving  at  the  auditory  centre,  also  an  irregularity  in  the  time 
of  arrival,  so  that  there  will  be  a  certain  amount  of  hesitancy 
on  the  part  of  the  patient  (as  in  this  case  also)  in  answering 
questions.  First,  from  the  fact  that  the  impression  is  delayed 
as  a  whole ;  and,  second,  because  the  impulse  is  delayed  irregu- 
larly, and  it  takes  the  patient  some  little  time  to  gather  the 
question,  and  in  some  cases  he  can  not  get  the  whole  of  it. 

In  connection  with  the  changes  in  the  optic  nerve,  several 
points  of  more  than  ordinary  interest  crop  up.     The  iuco-ordina- 
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tion  in  the  movements  of  the  eyes  is  a  marked  condition  where 
the  tabetic  changes  have  passed  for  any  distance  beyond  the 
region  of  the  cord  or  even  into  the  upper  part  of  the  cord. 
This,  I  think,  may  be  explained  as  above. 

There  still  remains  to  be  seen  whether  the  change  does  not 
manifest  its  presence  in  a  manner  peculiar  to  this  nerve  because 
of  the  peculiarity  of  the  function  of  the  nerve. 

In  addition  to  the  constricted  field  of  vision  which  latterly  in 
this  case  became  marked,  there  was  colour  blindness.  This  has 
been  noted  in  a  considerable  number  of  cases  of  locomotor 
ataxia,  and  appears,  according  to  Erb,  to  be  demonstrated  in 
patients  before  any  limitation  of  the  field  of  vision. 

We  have  before  stated  that  this  varicose  condition  of  the  nerves 
of  the  retina  and  the  optic  nerve  has  frequently  been  demon-  ^ 

strated,  but  we  have  as  yet  been  unable  to  find  any  account  of  a 
connection  between  this  condition  and  colour  blindness.  Leber^ 
has,  however,  pointed  out  that  the  changes  in  the  optic  nerve 
are  exactly  like  those  found  in  the  cord  (posterior  columns);  and 
though  I  cannot  agree  with  him  as  to  the  condition,  I  do  most 
certainly  hold  with  him  as  to  the  similarity  of  the  disease  in  the 
two  situations.  The  want  of  co-ordinating  power  is  here,  we 
think,  to  be  attributed  to  the  unequally  delayed  impulse,  and  in 
like  manner  it  is  probable  that  we  have  unequally  delayed 
colour-sense  impulses,  from  which  we  should  argue  that  there 
would  be,  as  is  actually  the  case,  colour  blindness.^ 

Dr.  Brailey,  in  his  report  on  colour  blindness,  states  that  those 
people  who  are  much  employed  in  sorting  colours,  &c.,  are 
frequently  affected  with  colour  blindness.  Dr.  Brakenridge' 
states  that  much  exercise,  involving  great  muscular  co-ordination 
(as  in  the  case  of  a  trombone  player,  who  was  affected  with 
ataxic  symptoms  in  the  arms),  will  bring  on  tabes  where  there  is 
any  predisposition  to  such  a  condition.     So  that  Dr.  Brailey's 

^  Leber,  '^  Ueber  graue  Degener:  der  Sehnenren,"  Arch,  /.  OpJUhalm.  ziv.  2, 
1868,  p.  177. 

*  It  is  a  curious  fact  in  connection  with  the  narrowing  of  the  field  of  vision  and 
colour  blindness,  that  these  come  on  together,  as  it  were,  except  where  violet  is 
concerned  (and  this  is  a  doubtful  exception).  As  the  field  of  vision  narrows,  it 
narrows  for  colours  also,  green  going  first,  red  and  orange  next,  and  lastly  yellow 
and  blue.    Violet  \a  seen  by  the  most  central  part  of  the  retina. — Charcot, 

^  Loc  cU. 
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facts  support  the  theory  that  colour  blindness  as  a  symptom  of 
locomotor  ataxia,  or  even  in  other  diseases,  is  doe  to  a  neuritic 
condition  of  the  optic  nerve,  the  principal  feature  of  which  is  a 
varicose  or  moniliform  condition  of  the  axis  cylinders  of  the 
optic  nerve  fibres  or  of  the  retina.  In  the  case  under  considera* 
tion  symptoms  and  altered  conditions  as  described  were  un- 
doubtedly present. 

The  above  facts,  taken  for  what  they  are  worth,  I  think,  at 
any  rate  go  to  support  the  theory  (so  far  advanced  from  the 
clinical  point  of  view),  that  periph^^  paralysis,  as  afiecting  the 
sensory  nerve  terminations  in  the  limbs,  and  that  involving  the 
terminal  portions  of  the  sensory  cranial  nerves  or  the  trunks  of 
these  sets  of  nerves  themselves,  is  accompanied  by  changes 
similar  to  those  found  in  locomotor  ataxia.^  The  inflammatory 
process,  whether  in  the  cord  or  in  the  peripheral  nerves,  appears 
to  commence  at  a  nutrient  centre,  from  which  centre  the  nerve 
originally  grows.  In  the  case  of  the  peripheral  sensory  nerve, 
which  is  developed  centripitally,  the  termination  is  in  the  skin 
or  muscle,  from  which  point  a  parenchymatous  neuritis  is  set 
up,  and  ataxic  symptoms  are  developed.  In  the  cord,  as  held 
by  Flechsig,  all  the  tracts  which  are  affected  in  tabes  dorsalis  are 
also  developed  centripitally ;  the  posterior  root  zones,  the  fas- 
ciculus gracilis,  and  the  direct  cerebellar  tracts  developing  from 
below  upwards  and  undergoing  neuritis  and  degenerative  changes 
in  just  the  same  manner  from  the  posterior  root  zones  upwards 
in  this  tabetic  or  ataxic  disease.  It  is,  in  fact,  just  the  reverse 
of  the  process  noted  in  progressive  muscular  atrophy,  where  the 
columns  affected  develop  and  degenerate  centrif ugally. 

I  must  now  confine  myself  to  giving  a  sketch  of  the  localisa* 
tion  of  the  disease  as  affecting  the  medulla  oblongata  especially, 
leaving  the  further  details  to  be  discussed  when  the  whole  case 
is  published  by  Professor  Grainger  Stewart. 

In  this  case,  as  we  have  seen,  the  fifth  nerve  is  affected  in  its 
peripheral  extension ;  but  had  not  this  been  so,  we  can  at  once 

^  The  notes  from  which  the  above  report  was  written  were  made  during  the 
summer  of  1880,  when  the  only  cases  I  had  for  com])ari8on  were  those  mentioned 
by  Joffiroy.  I  hare,  however,  since  then  availed  myself  of  the  case  given  by  Pro- 
fesaoT  Grainger  Stewart  to  confirm  my  observations,  as  I  think  they  most  un- 
doubtedly do,  more  especially  as  he  states  that  he  has  arrived  at  the  same  point 
from  a  consideration  of  the  clinical  aspects  of  the  disease  solely. 
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see  that  the  ascending  root,  placed  as  it  is  as  the  ''  cap  "  of  the 
posterior  horn  of  grey  matter,  between  the  posterior  root  zone 
and  direct  cerebellar  tracts,  could  scarcely  escape  implication, 
and  to  this  involvment  of  the  fifth  nerve,  as  Pierret  points  out, 
many  of  the  reflex  paralysis  of  the  face  may  be  attributed. 

Another  mass  of  grey  matter  in  a  position  to  be  affected  is  that 
portion  of  the  central  grey  matter  cut  off  by  the  decussating 
fibres  from  the  posterior  roots  which  go  to  join  the  anterior 
pyramids  on  their  way  to  the  optic  thalmus.  This  grey  matter 
is  continued  from  the  posterior  horns  of  central  grey  matter 
into  the  sensory  nuclei  of  the  mixed  nerves  (spinal  accessory, 
pneumogastric  and  glossopharyngeal),  so  that  we.cannot  but  come 
to  the  conclusion  (in  spite  of  Erb's  statement  to  the  contrary)  that 
these  nerves,  connected  as  they  are  with  the  posterior  grey  matter  x 

and  these  decussating  fibres,  become  involved  as  the  disease 
passes  upwards.  It  is  to  this  fact,  in  all  probability,  that  we 
may  refer  the  symptoms,  grouped  under  the  name  of  "  gastric 
crisis "  by  the  French  writers,  and  the  accompanying  changes 
in  speech  which  are  so  characteristic  of  this  disease,  and  of 
general  paralysis  of  the  insane,  in  which  one  so  often  finds 
tabetic  changes  in  the  posterior  columns  in  the  dorsal  region. 

In  the  case  before  us  there  are  undoubtedly  affections  in  these 
areas,  not  as  yet  very  pronounced,  but  amply  sufficient  to 
account  for  the  lancinating  pains  referred  to  the  occipital  region, 
and  for  the  great  disturbance  which  takes  place  in  the  area  pre- 
sided over  by  the  vagus,  &c. 

Along  with  the  affection,  either  direct  or  reflex,  of  the  hypo- 
glossal nerve  (the  decussating  posterior  root  fibres  passing 
directly  external  to  its  nucleus),  there  will,  in  all  probability,, 
be  affection  of  the  nerve  of  Wrisberg  or  chorda  tympani^  (See 
case  when  published.)  In  connection  with  this  region,  too,  and 
pointing  to  the  close  relation  of  the  nucleus  of  the  sixth  nerve 
with  the  glossopharyngeal  nerve,  we  must  mention  the  band  of 
fibres  described  by  Clarke  as  passing  between  these  nuclei 

^  In  a  section  through  the  medulla  oblongata  at  the  level  of  the  exit  of  the 
nerve  of  Wrisberg,  we  see  an  increase  of  connective  tissue.  Nerve-cells  of  the 
anterior  nucleus  of  the  auditory'nerve  are  deeply  pigmented,  and  a  considerable 
number  of  colloid  bodies  are  seen  running  in  the  direction  of  the  fibres  of  the  nerve 
of  Wrisberg. 
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The  nuclei  of  the  vagus  and  spinal  accessory  nerves^  prolonged 
as  we  have  seen  from  the  posterior  grey  matter  of  the  cord,  are 
in  close  connection  with  the  band  of  Stilling.  This  band  is  pro- 
longed downwards  near  the  root  of  the  fifth  nerve,  with  which  it 
appears  to  be  intimately  related. 

So  far  we  have  traced  out  the  myelitic  change  in  the  posterior 
pyramids,  in  part  of  their  extent,  we  have  also  seen  it  passing 
upwards  to  the  restiform  bodies,  after  passing  round  the  inferior 
or  ascending  root  of  the  fifth  nerve;  further,  briefly,  it  runs 
upwards  into  the  valve  of  Yieussens,  a  few  altered  fibres  also 
running  in  the  walls  of  the  fourth  ventricle  at  this  point,  and  a 
few  of  the  altered  axis  cylinders  may  be  traced  in  the  arms  of 
the  posterior  tubercles  or  "  deep  bands "  of  Beil  (in  a  section 
made  through  the  posterior  corpora  quadrigemina)  as  they  pass 
outwards,  and  also  as  they  decussate  in  the  roof  of  the  aqueduct 
of  Sylvius,  after  which  we  may  follow  the  changes  in  these 
bands  as  they  course  through  the  tubercles  to  which  they  pass. 
There  are  evidences  of  the  disease  in  the  raphe.^  In  the  sixth 
nerve  there  is  no  trace  of  disease,  so  far, as  I  can  make  out,  in 
any  part  of  its  course,  though  the  reflex  chain,  of  which  it  forms 
a  link,  is  broken  by  the  changes  which  have  taken  place  in 
the  fifth  nerve.  The  striae  acousticsa,  as  we  should  expect,  are 
markedly  involved. 

It  will  now  be  necessary  to  call  upon  this  anatomical  distri- 
bution of  the  disease  in  the  medulla  oblongata  and  mid-brain  to 
aid  us  in  explaining  certain  phenomena  met  with  in  the  ataxic 
condition. 

In  the  limbs  it  has  been  pointed  out  that  there  is  a  disturb- 
ance of  the  ordinary  relations  between  sensation  and  motion, 
and  the  reflex  actions  "  are  put  out  of  joint."  Now,  in  the  case 
of  the  movements  of  the  eyeball,  we  have  two  nerves  of  sensa- 
tion— the  optic,  a  nerve  of  special  sense,  and  the  fifth,  a  nerve 
of  common  sensation.  In  this  case  both  are  affected,  in  conse- 
quence of  which  affection  result  the  symptoms  sC[uinting,  irre- 

^  Similar  changes  are  readily  made  out  in  the  floor  of  the  aqueduct  of  Sylvius. 
Here,  too,  a  number  of  the  cells  are  more  darkly  pigmented  than  usual,  and,  at 
the  same  time,  more  granular-looking.  The  pigment  is  collected  around  the 
nucleus  of  the  cell,  or  may  be  prolonged  into  one  of  the  processes.  Some  of  the 
cells  in  this  position  are  undoubtedly  undergoing  some  fatty  degeneration. 


388  DB.  G.  SIMS  WOOBHEAD. 

gular  movements  of  the  eye,  and  imperfection  of  the  conjunctival 
reflex;  all  of  which  are  due,  I  think,  to  the  irregular  conduction 
of  special  or  common  sense  impulses  along  one  or  other  of  the 
nerves.  The  extra  ocular  movements  are  governed  by  the  third, 
fourth,  and  sixth  nerves,  whose  nuclei  have  been  put  out  of 
connection  with  the  optic  and  fifth  nerves,  or,  at  all  events,  the 
sensory  portion  of  the  reflex  chain  of  this  group  has  been 
seriously  disorganised. 

In  the  same  way  are  affected  certain  intraocular  movements 
controlled  by  the  third  nerve  on  the  one  hand,  and  the  optic  nerve 
as  the  sensory  portion,  on  the  other.  Dr.  Buzzard  ^  suggests  that 
in  all  probability  the  Argyll  Bobertson  phenomena  were  due  to 
the  abolition  of  the  reflex  action  of  the  pupil,  the  voluntary 
motor  action  being  retained. 

Our  facts  coincide  most  accurately  with  this  theory.  The 
area  in  which  the  fibres  connecting  the  corpora  quadrigemina 
with  the  third  nerve  and  its  nucleus  is,  as  we  have  seen  above, 
markedly  infiltrated  with  the  colloid  bodies,  the  result  of 
breaking  down  of  the  axis  cylinders,  and  in  this  region,  too,  are 
found  the  swollen  axis  cylinders ;  but  at  no  point  have  we  been 
able  to  find  any  change  in  the  superior  motor  area,  in  which  are 
the  fibres  running  from  the  cerebral  hemispheres  to  join  the 
third  nerve. 

Under  the  influence  of  light,  this  myosis  in  most  ataxic  cases 
remains  perfectly  passive.  When  the  light  falls  upon  a  perfectly 
healthy  retina,  and  is  conducted  by  a  healthy  optic  nerve,  there 
is  an  immediate  but  purely  reflex  contraction  of  the  pupil;  that 
is,  without  any  effort  of  will  on  the  part  of  the  person. 

The  light  falling  on  the  retina  forwards  an  impulse  along  the 
optic  nerve,  through  the  optic  thalamus,  corpora  geniculata,  and 
corpora  quadrigemina  (anterior,  and  perhaps  also  posterior,  of 
these)  to  the  nucleus  of  the  third  nerve,  from  which  a  return 
impulse  is  set  up,  and  we  have  contraction  of  the  pupiL  In  the 
ataxic  condition  there  is  a  flaw  in  the  sensory  path,  or  what 
corresponds  to  the  posterior  nerve-roots ;  there  is  a  break  in  the 
reflex  circle,  and  there  is  no  contraction  of  the  pupil,  just  as 
there  is  no  tendon  reflex  in  the  knee. 

If  a  healthy  person  is  directed  to  look  at  a  distant  and  then  at 

1  T.  Buzzard,  Laaieet,  1880. 
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a  near  object,  rapid  dilatation  or  contraction  of  the  pupils  is 
observed  as  the  eye  accommodates  itself  to  the  distances.  In 
thus  bringing  about  accommodation  of  the  eye  to  the  distances, 
the  person  under  observation  will  be  aware  that  he  is  making 
some  effort  He  is  told  to  look  at  an  object,  and  he  directs  his 
attention  to  that  object.  He  is  not  now  a  mere  receptive  being, 
but  he  is  making  voluntary  efforts  to  attain  a  certain  end. 
There  is,  in  fact,  an  impulse  from  the  higher  or  voluntary  motor 
centres  brought  into  requisition,  and  the  act  is  no  longer  reflex. 
In  an  ataxic  patient  the  same  holds  good.  Tell  him  to  look  at 
a  near  object,  and  the  pupil  immediately  becomes  contracted, 
though  this  contraction  is  most  frequently  slow  and  often  very 
irregular,  from  which  fact  we  deduce  that  the  contraction  is  not 
purely  voluntary.  It  is  voluntary  in  so  far  as  it  is  controlled  by 
the  higher  motor  centres,  but  it  is  reflex  as  far  as  the  optic  nerve 
plays  any  part  in  the  process  in  conveying  an  impression  of  the 
object,  its  size,  distance,  &c.,  to  the  sensorium. 

Take  as  an  illustration  of  what  I  mean,  the  case  of  an  ataxic 
patient  attempting  to  touch  a  certain  point.  Certain  impulses 
start  from  the  retina  to  his  sensorium.  They  start  at  the  same 
moment,  but  those  passing  along  certain  fibres  of  the  optic  nerve 
are  delayed  longer  than  those  passing  by  others.  Others,  again, 
are  altogether  interrapted,  so  that  eventually  a  very  mixed  or 
disordered  impression  arrives  at  the  destination.  This  disordered 
impulse  the  patient  is  unable  to  interpret  correctly,  and  as  a 
consequence  of  this  the  wrong  muscles  are  thrown  into  action, 
or  the  right  muscles  act  in  excess  or  fall  short  of  what  is  required 
to  accomplish  the  end  in  view. 

This,  of  course,  applies  to  the  ciliary  muscle  amongst  others. 
It  may  be  contracted  voluntarily,  but  because  an  impulse  is 
sent  to  the  sensory  centre,  and  as  that  impulse  passes  slowly 
and  irregularly,  there  is  a  delayed  and  irregular  action  of  the 
pupils,  as  by  volitional  efforts  there  is  an  attempt  made  to 
accommodate  the  eye  to  an  impulse  which,  as  it  arrives,  is 
deceptive. 

In  this  case,  then,  we  may  sum  up  as  follows : — 

1.  There  is  a  diseased  condition  of  the  sensory  tracts  of  the 
cord,  posterior  nerve  roots,  posterior  columns,  and  the  direct 
cerebellar  tracts.    So  far  it  presents  the  conditions  requisite  for 


390  DR.  G.   SIMS  WOODHEAD. 

the  appearance  of  locomotor  ataxic  symptoms,  and  it  seems 
probable  that  there  was  a  distinct  origin  of  the  disease  either  in 
or  near  the  posterior  root  columns,  followed  by  an  ascending 
degeneration. 

2.  The  sensory  cranial  nerves  are  similarly  afifected  (with  the 
doubtful  exception  of  the  olfactory  nerve),  which  brings  the 
disease  into  the  region  of  peripheral  paralysis,  the  diseased  con- 
dition here  commencing  at  the  peripheral  termination  of  the 
nerve. 

3.  The  two  processes  have  met  in  the  fifth  nerve,  and  probably 
also  in  the  continuation  of  the  optic  tracts. 

4.  We  say  that  there  are  two  sources  of  origin,  but  it  really 
comes  to  this,  that  the  posterior  or  sensory  tract  of  the  whole 
cerebro-spinal  nervous  system  is  affected,  though  in  the  case  of 
the  cranial  sensory  area  the  peripheral  nerves  are  first  implicated. 

In  connection  with  the  above  I  may  point  out  that  the  arms 
of  the  posterior  tubercles  of  the  corpora  quadrigemina  were  at 
one  time  supposed  to  run  to  the  posterior  columns  of  the  cord. 
A  later  theory  is,  that  they  are  motor  bands  which  pass  to  the 
antero-lateral  columns  of  the  cord  with  the  motor  field.  We 
found,  however,  that  these  bands  were  affected  at  their  decussa- 
tion and  also  lower  down,  from  which  I  venture  to  suggest  that 
the  old  theory  is  probably  the  correct  one,  that  these  betnds  are 
sensory,  and  are  connecting  links  between  the  optic  nerves  and 
tracts  with  some  region  in  the  cord,  through  which  movements 
purely  reflex  may  be  brought  about  more  rapidly.  In  any  case 
they  form,  as  it  were,  a  common  ground  for  a  meeting  of  the 
diseased  process  extending  from  the  cord  on  the  one  hand,  and 
the  optic  nerve  on  the  other.  The  anterior  bands  appear  to  be 
undoubtedly  motor,  and  run  to  the  motor  columns  of  the  cord. 

5.  The  process  is  a  myelitis,  which  commences  primarily  in 
the  nerves,  probably,  in  this  form,  in  the  axis  cylinders. 

6.  It  is  connected  with  the  d^eneration  of  the  nutrient  and 
functional  centre  of  the  nerve. 

7.  With  it  may  be  associated  a  secondary  condition  due  to 
irritation,  which  may  take  the  form  of  the  peri-axile  neuritis. 

8.  The  sjrmptoms  found  in  ataxia  are  due  to  the  altered  con- 
dition of  the  axis  cylinder  of  the  sensory  nerves,  the  altered  con- 
dition causing  a  break,  either  partial  or  complete,  in  the  reflex 
circle. 
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Sebies  of  Expebiments,  B. 

On  the  efifect  of  the  salt  on  the  intestiiie,  when  injected  directly  into 
the  visciiB  after  the  method  of  Colin  and  Moreau ;  with  analyses  of 
the  fluid,  as  to  the  salt  it  contained,  and  as  to  its  digestive  and  other 
properties. 

The  method  practised  by  Colin  and  Moreau,  with  its  modifica- 
tion by  Brieger,^  I  have  already  described.  Twenty  per  cent,  or 
even  stronger  solutions  of  the  purgative  salt,  sulphate  of  soda, 
or  sulphate  of  magnesia,  were  used  by  all  the  observers  who 
employed  this  method.  In  every  case  there  was  a  considerable 
flow  of  fluid  into  the  injected  coil,  whether  the  experiment  was 
made  on  the  horse  (Colin),  the  dog  (Moreau,  Vulpian,  and 
Brieger),  the  cat  (Brunton),  or  the  rabbit  and  frog  (Bottger). 

I  have  repeated  these  experiments  with  certain  important 
modifications.  It  is  as  yet  the  only  method  by  which  direct 
proof  has  been  furnished  of  the  salt  exciting  secretion  within 
the  intestines.  And  it  were  desirable  to  know,  especially  after  a 
consideration  of  the  experiments  of  Series  A.  of  this  investiga- 
tion, in  conjunction  with  the  observations  of  Thiry,  Schiff,  and 
Badziejewski,^  whether  the  method  employed  by  Colin  and 
Moreau  was  reliable.  To  what  extent  was  the  secretion  due  to 
the  nature  of  the  operation  required, — the  exposure  of  the 
intestine,  and  its  irritation  by  ligatures,  &c.  ?  Perhaps  it  was 
caused  by  the  irritant  action  of  the  unusually  strong  solution  of 
the  salt  injected.  Solutions  of  less  strength  than  20  per  cent., 
excepting  in  a  single  experiment  of  Brieger's,^  were  not  at  any 
time  employed;  and  it  is  well  known  that  a  strong  solution 
of  a  salt  will  irritate  living  tissues,  whilst  a  weaker  solution 
will  exercise  no  such  effect    For  example,  a  strong  solution 

1  P.  247.  "  Pp.  260,  et  aeq.  •  /n/Va  p.  896. 
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of  common  salt  will  irritate  and  inflame  even  the  skin,  whilst  a 
1  or  f  per  cent  solution  is  so  bland  as  to  be  the  fluid  commonly 
used  in  physiological  experiments  for  the  immersion  of  delicate 
tissues  and  organs  whose  vitality  we  wish  to  preserve  uninjured 
as  long  as  possible.  It  is  certain  that  the  purgative  salt  never, 
in  ordinary  circumstances,  reaches  the  intestines  so  concentrated 
as  would  be  implied  by  a  20  per  cent,  solution.  It  is  rarely 
swallowed  in  a  state  of  such  concentration,  and  in  the  stomach 
and  intestines  it  at  once  mingles  with  a  large  quantity  of  ali- 
mentary fluids  which  quickly  dilute  it.  To  settle  these  and 
other  points  is  the  aim  of  the  present  series  of  experiments. 
And  although  I  have  already  thrown  aside  the  theory  of  pur- 
gative action  with  which  I  started  this  investigation,  and  which 
I  have  discussed  at  length  in  the  preceding  experiments,  I  was 
still  endeavouring,  at  the  time  the  following  experiments  were 
undertaken,  to  ascertain  what  of  truth  or  error  there  might  be 
in  this  theory  which  was  originally  suggested  by  Buchheim,  and 
brought  prominently  under  my  notice  by  Professor  Schmiedeberg. 
The  remembrance  of  this  will  sometimes  account  for  the  arrange- 
ment of  my  experiments. 

In  this  series  of  experiments,  excepting  a  few  rabbits,  cats 
were  always  employed.  They  were  more  readily  procurable 
than  dogs,  and  in  the  structure  of  their  alimentary  system  they 
more  closely  resemble  man  than  do  rabbits.  Moreover,  they 
enabled  me  to  compare  my  results  with  those  of  at  least  one 
(Lauder  Brunton)  of  the  preceding  observers.  My  method  of 
procedure  was  as  follows : — The  animal  having  been  anaesthe- 
tised with  a  mixture  of  chloroform  and  ether  (1  to  3),  which  I 
found  to  act  four  or  five  times  as  quickly  as  pure  ether,  and 
much  more  safely  than  pure  chloroform,  was  attached,  to  a 
holder  placed  over  a  large  oblong  porcelain  tray  containing 
water  heated  by  a  bunsen  flame.  The  steam  arising  from  the 
water  in  the  tray  enveloped  the  trunk  of  the  animal  during  the 
operation,  and  helped  to  maintain  the  temperature  and  moist- 
ness  of  the  exposed  intestine.  The  operation  consisted  in 
exposing  the  intestines  by  a  longitudinal  incision  in  the  linea  alba 
nearly  midway  between  the  processus  xiphoideus  and  the 
symphysis  pubis,  and  from  one  to  two  inches  in  length.  Too 
short  an  incision  is  not  advisable,  as  it  is  apt  to  necessitate 
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undue  pressure  in  returning  the  intestine  into  the  abdomen. 
Qenerally  not  more  than  a  drop  of  blood  was  lost  in  making  the 
incision.  The  omentum  having  been  carefully  drawn  up  by 
introducing  the  finger  or  the  handle  of  the  scalpel,  so  much  of 
the  intestine  was  withdrawn  from  the  abdominal  cavity  as  it 
was  desired  to  operate  upon.  The  part  selected  of  the  small 
intestine  was  generally  situated  near  to  the  ccecum.  As  in 
each  experiment  no  food  had  been  given  since  the  previous 
afternoon,  the  intestines  were  usually  perfectly  empty,  or  con- 
tained at  most  a  little  gas  and  a  few  brownish  shreds  of  incom- 
pletely digested  food.  The  diet  of  the  cats,  as  in  the  preced- 
ing series  of  experiments,  consisted  of  boiled  flesh,  along  with 
what  of  the  water  in  which  the  meat  had  been  boiled  they 
chose  to  take.  Each  animal  was  fed  regularly  twice  a  day  for  a 
a  week  before  the  experiment,  and  the  hecdthy  condition  of  its 
alimentary  system  was  ascertained  from  the  character  of  its 
stoola  To  return  to  the  steps  of  the  operation,  a  measured 
portion  of  the  exposed  intestine  was  ligatured  off  by  means  of 
fine  caoutchouc  tubing,  such  as  is  attached  to  the  cannula  for 
draining  anasarcous  tissues.  This  form  of  ligature  was  sufficiently 
tight  to  prevent  the  passage  of  fluid  through  the  constricted  part 
of  the  intestine,  and  at  the  same  time  was  sufficiently  yielding 
as  not  to  cut  the  walls  of  the  intestine,  which  ordinary  thread 
ligatures  are  rather  apt  to  do.  The  ligature  was  always  passed 
through  the  mesentery  as  close  as  possible  to  the  intestine  in 
order  to  avoid  including  the  large  anastomotic  branches  of 
arteries,  veins,  and  lacteals  which  fringe  the  mesentery.  At  the 
extreme  ends  of  the  ligatured  coil  two  short  longitudinal  incisions 
were  made  into  its  lumen.  These  were  generally  followed  by 
a  little  bleeding.  Through  the  upper  of  the  incisions  was 
introduced  a  glass  cannula  connected  by  an  india-rubber  tube 
with  a  large  ball  sjnringe  filled  with  a  |  per  cent  solution  of 
chloride  of  sodium  at  a  temperature  of  from  36''  to  40""  0.,  by 
means  of  which  the  coil  was  gently  but  thoroughly  washed  out 
as  indicated  by  the  purity  of  the  fluid  escaping  from  the  lower 
incision.  Due  care  was  of  course  taken  to  prevent  any  of  the 
washings  passing  into  the  peritoneal  cavity.  The  small  intes- 
tine of  the  cats  was  found  almost  invariably  to  contain  several 
tape  worms,  and  the  removal  of  these  with  the  salt  solution 
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sometimes  prolonged  a  little  this  part  of  the  operation.  The 
object  of  thus  carefally  cleansing  the  intestinal  loop  was  to 
ensure  that  the  secretion  excited  by  the  afterwards  injected 
purgative  would  be  free  from  admixture  with  the  biliary  and 
pancreatic  secretions  and  with  the  products  of  digestion.  In  a 
few  experiments  where  it  was  desirable  to  avoid  much  mani- 
pulation of  the  intestine,  and  where  it  was  not  necessary  to 
ascertain  the  nature  of  the  secretion,  the  washing  was  not 
practised.  A  ligature  was  now  placed  round  the  coil,  under  and 
close  by  the  upper  opening,  and  the  loop  was  emptied  of  its  salt 
solution  by  gentle  stripping  with  the  fingers.  Another  ligature 
was  then  applied  immediately  above  the  lower  incision.  The 
washed  empty  portion  of  intestine  included  between  the  two 
last  ligatures  was  next  divided  into  three  equal  portions  by 
means  of  other  two  ligatures,  and  into  the  central  of  the  three 
was  injected  the  solution  of  the  purgative  salt.  For  this  purpose 
a  syringe  provided  with  a  fine  steel  cannula  was  employed,  its 
point  being  pushed  through  the  wall  of  the  intestine.  The 
viscus  was  then  returned  within  the  abdomen,  and  the  wound 
in  the  linea  alba  was  carefully  closed  with  a  number  of  closely 
set  Ugatures  to  prevent  the  hernial  protrusion  of  any  portion  of 
the  gut,  which  was  more  apt  to  happen  from  the  not  iinfrequent 
occurrence  of  a  little  vomiting  after  the  operation — ^the  eflFect 
probably  of  the  anaesthetic  as  well  as  of  the  nature  of  the 
operation.  The  animal  after  being  released  from  the  holder  was 
enveloped  in  a  warmed  cloth  and  placed  in  a  basket  near  the 
fire.  Half-an-hour  was  generally  required  for  it  to  regain 
sufficient  consciousness  and  strength  as  to  be  able  to  sit  up ;  and 
in  half-an-hour  more  it  looked  so  well — apparently  free  from 
pain  and  even  bright  and  lively — that  it  would  have  been 
difficult  to  say  that  the  animal  had  been  operated  upon.  An 
occasional  vomit,  and  that  only  in  some  experiments,  was  the  sole 
evident  indication  of  its  condition.  None  of  the  animals  were 
kept  so  long  as  to  permit  of  peritonitis  with  its  accompanying 
pain  occurring.  Finally,  the  animal  was  killed  by  strangulation, 
aided  by  a  sharp  blow  on  the  head  with  a  mallet. 

The  method  of  operation  occasionally  varied  from  what  I  have 
described,  but  where  any  modification  was  practised  it  will  be 
recorded  in  the  protocol  of  the  experiment.    The  time  occupied 
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by  the  whole  operation — ^from  the  removal  of  the  intestine  from 
the  peritoneal  cavity  to  its  replacement — rarely  exceeded  five 
minutes.  The  operation  was  conducted  with  the  greatest 
possible  expedition  in  order  to  avoid  the  irritation  of  the 
intestine  resulting  from  its  prolonged  exposure. 

In  arranging  my  experiments  I  had  some  difficulty  in  deciding 
what  length  of  intestinal  loop  I  ought  to  employ.  A  long  loop, 
otherwise  preferable,  was  objectionable  on  account  of  its  requiring 
the  exposure  and  manipulation  of  a  large  portion  of  the  abdo- 
minal contents.  I  therefore  chose  for  my  first  experiments  a 
short  loop.  Lauder  Brunton,  probably  for  a  similar  reason,  em- 
ployed also  a  short  loop.  Most  of  the  other  observers,  however, 
made  use  of  loops  of  considerable  length. 

Experiment  XXXIIL — Cat,  female,  weighing  1*59  kilogrammes. 
Operation  performed  exactly  as  described  above — coil  of  small  intes- 
tine washed  out  with  warm  f  per  cent,  solution  of  chloride  of  sodium, 
emptied  and  divided  by  ligatures  into  three  equal  portiona  Into  the 
central  of  these  was  iiijected  1  cc.  of  a  10  per  cent,  solution  of  chemi- 
cally pure  crystalline  sulphate  of  soda.  The  temperature  of  the  solu- 
tion was  about  that  of  the  animal  (38°  C).  The  cat  was  killed  ^t?^ 
hmLrs  afterwards,  and  the  abdomen  at  once  opened,  and  the  condition 
of  the  intestines  noted. 

Autopsy. — ^The  condition  of  the  loops  was  as  follows : — 

Upper  control  contained  0*1  cc.  of  very  viscid,  colourless,  opaque 
fluid.  Lower  control  contained  0*3  cc.  of  a  similarly  viscid  and 
opaque  fluid  (shghtly  reddened). 

Injected  loop  contained  3*45  cc.  of  a  transparent,  colourless  fluid, 
in  great  part  Umpid,  although  mixed  with  a  small  quantity  of  viscid 
mucus,  and  with  some  whitish  flocculi.  Eeaction,  alkaline.  The  re- 
action of  the  injected  saline  solution  was,  of  course,  neutral.  Caustic 
potash,  with  the  aid  of  a  little  heat,  dissolved  the  viscid  flocculent  de- 
posit almost  completely,  which  was  reprecipitated  by  acetic  acid,  and 
was  not  soluble  to  any  visible  extent  in  excess  of  the  acid.  It,  there- 
fore, consisted  largely  of  mucus.  The  acetic  acid  filtrate  gave  no  preci- 
pitate, but  merely  a  distinct  opalescence,  with  a  drop  of  a  solution  of 
ferrocyanide  of  potassium.  A  trace  of  albumen  was  therefore  present. 
Other  reagents  for  albumen  led  to  the  same  conclusion. 

Microscopically,  the  flocculent  deposit  was  seen  to  be  composed  of 
mucous  corpuscles  and  mucin,  with  a  number  of  epithelial  cells,  and  a 
quantity  of  granular  matter,  part  of  which,  from  its  high  refractive 
power,  appeared  to  be  oily  in  nature.  The  mucous  corpuscles  were 
distinctly  nucleated,  and  had  a  granular  protoplasm. 

The  mucous  membrane  of  all  three  loops  was  perfectly  pale,  unless 
in  the  neighbourhood  of  the  hgatures,  where  there  were  very  slightly 
congested  zones. 
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The  injected  loop  measured  6  cm.  long,  and  each  of  the  controls 
5  cm.  The  operated  part  of  the  intestine  was  15  cm.  from  the 
coBcum  and  87  cm.  from  the  pylorus.  The  total  length  of  the  small 
intestine  was  122  cm. 

A  10  per  cent,  solution  of  sulphate  of  soda  appeared,  there- 
fore, to  be  as  capable  of  causing  a  flow  into  the  intestinal  loop 
in  which  it  had  been  placed  as  the  20  per  cent,  solution  used  by 
all  previous  investigators.  An  experiment  of  exactly  the  same 
nature  was  made  upon  a  rabbit. 

Experiment  XXXIV. — Rabbit,  female,  weighing  1*47  kilogrammes. 
Loops  prepared  as  in  previous  experiment,  and  1  c.c  of  a  10  per  cent, 
solution  of  sulphate  of  soda  injected  into  the  middle  loop.  Killed 
after  five  hours. 

Autopsy. — Upper  control  contained  0*15  cc.  of  bloody  mucus. 
Lower  control  was  empty.  ■ 

Injected  loop  contained  3*55  cc.  of  a  colourless,  transparent  fluid, 
partly  limpid,  partly  viscid  and  glairy ;  no  odour ;  alkahne  reaction ; 
speciflc  gravity,  1*0130.  It  contained  a  trace  of  albumen,  but  no 
glucose  or  other  material  capable  of  reducing  oxide  of  copper. 

Its  digestive  powers  were  ascertained.  To  a  portion  of  it  was  added 
a  very  small  piece  of  fresh  fibrin,  and  the  mixture  placed  in  a  digest- 
ing oven  at  a  temperature  of  40°  C.  After  seven  hours  the  fibrin  was  ^ 
not  dissolved  and  scarcely  diminished  in  bulk ;  the  fluid  did  not  give 
the  peptone  reaction  with  sulphate  of  copper  and  caustic  potash. 
Another  portion  of  the  original  fluid  was  mixed  with  a  boiled  solution 
of  starch,  which  was  previously  ascertained  to  contain  no  glucose,  as 
common  starch  often  does,  and  set  aside  for  a  night  in  a  warm  place. 
Next  day  the  mixture  gave  abundant  evidence  of  the  presence  of 
glucose,  or  rather  maltose,  according  to  the  researches  of  Musculus 
and  Von  Mering. 

The  fluid  taken  from  the  loop  presented  the  same  microscopical 
characters  as  that  of  the  previous  experiment.  y 

The  mucous  membrane  of  the  loops  was  not  congested. 

The  injected  loop  measured  7^  cm.  The  seat  of  the  operation  was 
in  the  upper  part  of  the  ileum.  The  whole  length  of  the  small  intes- 
tine was  258  cm. 

The  action,  then,  of  a  10  per  cent,  solution  of  the  salt  is  much 
the  same  in  the  rabbit  as  in  the  cat,  and  this  was  confirmed  by 
other  experiments. 

According  to  Brieger,i  who  injected  a  \  per  cent,  solution  of 
sulphate  of  magnesia,  as  well  as  a  20  per  cent  solution,  the  weaker 
solution  is  absorbed.    I  have  just  ascertained  that  a  10  per  cent. 

^  Brieger,  Arehiv.  /.  experim.  PcUholog.  u.  Pharmakolog,  Bd.  viii  S.  858. 
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behaves  like  a  20  per  cent,  solution,  inasmuch  as  it  excites  a  flow 
of  fluid  into  the  intestine.  There  must,  therefore,  exist  between 
the  ^  per  cent  and  the  10  per  cent,  a  strength  of  solution 
which  will  neither  excite  secretion  nor  be  absorbed.  What  this 
strength  is  the  next  experiments  help  to  elucidate. 

Experiment  XXXV, — Cat,  male,  weighing  1-84  kilogrammes.  A 
set  of  loops  was  prepared  on  both  the  ileum  and  the  colon.  Into  the 
central  of  each  was  injected  1  c.c.  of  a  2^  per  cent,  solution  of  sulphate 
of  soda     Killed  three  hours  afterwards. 

Autopsy. — All  the  coils  were  perfectly  empty,  and  the  mucous 
membrane  of  each  was  quite  pale.  The  injected  ileac  loop  was  6  cm. 
long ;  that  of  the  colon,  2  cm.  The  ileac  loop  was  20  cm.  from  the 
coecum  and  71  cm.  from  the  pylorus.  The  injected  loop  on  the  colon 
was  4  cm.  from  the  coecum. 

A  2^  per  cent,  solution  is  absorbed  whether  it  be  injected  into 
the  small  intestine  or  the  colon.  Will  a  5  pet  cent,  solution  be 
likewise  absorbed  ? 

ExperiTneni  XXXVI. — Young  male  cat>  weighing  1*41  kilogrammes. 
An  injection  of  1  cc.  of  a  5  per  cent,  solution  of  sulphate  of  soda  was 
made  as  in  the  previous  experiment  into  the  large  as  well  as  into  the 
small  intestine.  There  were  the  usual  three  loops  on  the  former.  On 
the  latter  there  was  only  one,  but  with  a  couple  of  ligatures  at  each 
extremity  to  shut  off  the  openings  by  which  the  loop  had  been  washed 
out  with  the  chloride  of  sodium  solution.  Killed  at  the  end  of  five 
hours. 

Autopsy. — ^The  controls  were  empty.  The  injected  loop  of  the 
small  intestine  contained  0*3  cc.  of  a  transparent,  colourless,  some- 
what viscid  fluid,  with  a  small  quantity  of  an  opaque,  yellowish 
deposit.  Eeaction,  alkaline.  In  the  loop  of  the  colon  were  found 
3*5  cc.  of  an  alkaline  transparent^  colourless,  extremely  viscid  fluid, 
strikingly  resembling  in  consistence  and  appearance  white  of  egg ;  it 
was  considerably  more  viscid  than  the  fluid  from  the  loop  of  the  small 
intestine;  specific  gravity,  1*0154.  A  portion  of  it  was  opaque, 
yellowish-white  and  flocculent,  and  looked  as  if  it  had  formed  a  layer 
over  the  mucous  membrane  of  the  loop.  This  fluid  contained  no 
appreciable  trace  of  albumen,  although  tested  with  all  the  common  re- 
agents, as  nitric  acid  and  ammonia,  sulphate  of  copper  and  caustic 
potash,  acetic  acid  and  ferrocyanide  of  potassium.  It  did  not, 
although  appearing  to  contain  a  considerable  quantity  of  mucin,  give 
much  turbidity  with  excess  of  acetic  acid.  It  digested  starch  with 
ease. 

MicroscopicaUy,  the  fluid  from  the  colon  contained  throughout  a 
large  number  of  motionless  bacteria.  The  opaque  sediment  consisted 
largely  of  mucous  corpuscles,  also  of  epithelial  cells  of  various  shapes, 
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some  goblet-shaped,  others  breaking  up  or  d^enerating.  There  was  a 
large  quantity  of  granular  debris,  and  a  few  crystals  of  phosphate  of 
lime  and  of  leucin  and  tyrosin,  which  had  probably  not  been  removed 
from  the  mucous  membrane  by  the  washing  with  the  solution  of 
commriu  salt. 

The  mucous  membrane  in  the  loops,  both  of  the  small  and  of  the 
large  intestine,  was  pale  and  uncongested. 

The  operated  part  of  the  ileum  was  5  cm.,  and  that  of  the  colon 
3  cm.,  from  the  coecum.  Both  of  the  injected  loops  were  3  cm. 
long. 

The  ileac  loop  was,  therefore,  half  the  length  of  the  injected 
loop  in  Experiment  XXXIIL,  making  the  quantity  of  the  salt, 
in  relation  to  the  length  of  intestine  acted  on,  the  same  in  both 
cases.  Yet  at  the  end  of  the  same  time  the  5  per  cent  solution 
had  diminished  to  one-third  of  its  original  bulk,  while  the  10  per 
cent,  solution  had  increased  to  three  and  a  half  times  its  original 
quantity. 

As  the  salt  had  produced  a  remarkable  flow  of  fluid  from  the 
colon  as  compared  with  the  small  quantity  obtained  from  the 
ileum,  it  was  desirable  to  know  if  this  difference  were  constant ; 
for  it  pointed  to  the  salt  in  ordinary  purgation  procuring  its 
fluid  in  greatest  part  from  the  colon. 

Experiment  XXXVIL — Cat,  female,  weighing  2*835  kilogrms. 

Three  loops  were  as  usual  formed  on  the  ileum,  but  instead  of  the 
central  the  two  lateral  were  injected,  the  one  with  1  c.c.  of  a  5  per 
cent,  solution,  the  other  with  2  c.c.  of  a  2J  per  cent,  solution  of  sul- 
phate of  soda,  the  central  loop  being  preserved  in  this  instance  as  a 
control.  Both  injected  loops,  therefore,  received  the  same  amount  of 
the  salt.  On  the  colon  were  formed  two  adjacent  loops,  which  were 
ii^jected  with  the  same  quantities  of  the  same  solutions  as  the  ileac 
loops.     The  cat  was  killed  two  hours  afterwards. 

Autopsy. — 

Ileum — 5  per  cent,  solution  had  increased  to  1*4  cc. 
Colon—       „  „  „  1-2    „ 

Ileum — 2^  per  cent,  solution  had  sunk  to       1  -0    „ 
Colon—      „  „  „  1-2    „ 

The  central  control  on  the  ileum  was  quite  empty. 

The  injected  loops  of  the  ileum  measured  6 '7  cm.  (5  per  cent)  and 
5-6  cm.  (2^  per  cent.).  The  two  loops  of  the  colon  measured  each 
3  cm.  The  circumference  of  the  small  intestine,  obtained  by  measur- 
ing its  diameter  while  distended  with  fluid  under  a  moderate  pressure 
was  4-2  cm. ;  of  the  large  intestine,  8*8  cm.  The  operated  part  of 
the  ileum  was  49  cm.  from  the  coecum.  The  total  length  of  the 
small  intestine  was  151  cm. 


•» 
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All  the  fluids  were  faintly  but  distinctly  alkaline,  and  all  were 
colourless,  transparent,  and  viscid,  those  of  the  colon  being  the  more 
viscid.     All  digested  starch,  and  contained  very  little  albumen. 

This  experiment,  in  opposition  to  the  previous  experiment, 
seems  to  indicate  that  the  ileum  and  colon  behave  much  alike 
towards  equally  strong  solutions  of  the  sulphate.  As  the 
determination  of  this  point  is  of  interest,  I  shall  endeavour  to 
show  wherein  may  lie  the  reason  for  the  conflicting  results  of 
these  two  experiments.  The  two  essential  diflerences  between 
the  conditions  of  these  experiments  are  to  be  found  in  the 
length  of  the  ileac  loop  and  in  the  time  during  which  the  salt 
was  permitted  to  act  on  the  intestine.  As  in  both  experiments 
the  same  quantity  of  a  5  per  cent  solution  of  the  salt  was 
injected,  it  is  obvious  that  the  proportion  of  ileac  mucous  mem- 
brane to  the  salt  solution  must  have  been  greater  in  the  one 
experiment  than  in  the  other.  And  an  alteration  in  this  relation 
may  materially  affect  the  amount  of  secretion  excited  by  the 
salt.  This  remark  applies  equally  to  a  comparison  of  this 
relation  in  the  colon  with  that  in  the  ileum.  Assuming  the 
circumference  of  the  corresponding  viscera  to  be  the  same  in 
both  experiments,  the  extent  of  mucous  membrane  in  the 
injected  ileac  loop  of  Experiment  XXXVI.  was  3  cm.  (length) 
X  4-2  cm.  (circumference)  =  12  sq.  cm.;  in  the  colon  it  amounted 
to  3  cm.  (length)  x  8*8  cm.  (circumference)  =  26*4  sq,  cm.  In 
the  next  experiment  (XXXYII.)  the  mucous  membrane  of  the 
ileac  loop  injected  with  the  5  per  cent,  solution  measured 
5'7  cm.  (length)  x  4*2  cm.  =  23'8  sq.  cm.,  and  of  the  corresponding 
loop  of  the  colon,  3  cm.  x  8*8  cm.  =  26*4  sq.  cm.  Thus  in  the 
latter  experiment  the  two  mucous  membranes  were  of  nearly 
equal  superficies,  in  the  former  that  of  the  ileum  was  only  half 
that  of  the  colon,  and  in  both  experiments  the  mucous  membranes 
of  the  colon  were  of  equal  extent.  In  three  of  the  loops,  there- 
fore, was  the  membrane  of  necurly  the  same  size,  while  in  the 
fourth  it  was  much  smaller.  Where  those  of  the  ileum  and 
colon  are  equal  (Experiment  XXXYII.)  the  effect  of  the  salt 
solution  is  much  the  same  on  both.  Where  they  are  unequal 
(Experiment  XXXVI.)  the  smaller  the  extent  of  membrane 
exposed  to  the  action  of  the  salt,  the  less  appears  to  be  the 
amount  of  the  secretion  excited.    Such  a  difference  of  effect  ia 
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what  might  well  be  expected  But  the  next  experiment,  under- 
taken with  the  view  of  settling  this  point,  seems  to  indicate 
otherwise. 

The  other  element  of  difference  in  the  conditions  of  the 
experiments  which  I  am  now  comparing  was  that  of  time.  This 
seems  clearly  to  account  for  the  larger  quantity  of  secretion 
found  at  the  end  of  five  hours  in  the  colic  loop  (Experiment 
XXXVII.)  as  contrasted  with  that  recovered  from  the  corre- 
sponding loop  and  the  ileac  loop  after  the  lapse  of  two  hours 
(Experiment  XXXVL).  To  what  extent  it  may  have  influenced 
the  wide  diflference  between  the  5  per  cent,  solutions  in  the  ileac 
loops,  apart  from  the  inequality  of  their  length,  will  shortly  be 
discussed. 

One  other  point  brought  out  in  the  last  experiment  is  that  the 
salt  dissolved  so  as  to  form  a  2^  per  cent,  solution  acts  on  the 
same  length  of  intestine  differently  from  the  same  quantity  of 
salt  as  a  5  per  cent,  solution.  The  former  solution  is  gradually 
absorbed,  while  the  latter  increases  in  bulk,  although,  from  the 
inequality  of  their  quantities  when  injected,  they  do  not 
materially  differ  in  amount  at  the  end  of  two  hours. 

Experiment  XXXVIIL — Cat,  male,  weighing  3*63  kilogrammes. 

Three  contiguous  loops  were  formed  on  the  ileum  by  ligaturing  as  in 
previous  experiment,  two  of  equal  length,  but  the  third  or  upmost 
twice  as  long  as  each  of  the  others.  Into  the  long  loop  was  injected 
1  CO.  of  a  10  per  cent  solution  of  sulphate  of  soda,  and  into  the 
lower  of  the  short  loops  a  similar  quantity  of  the  same  solution.  The 
animal  was  killed  two  hours  afterwards. 

Autopsy. — Long  loop  contained  1*44  c.c.  of  a  very  viscid  fluid; 
short  loop,  3*2  c.c.  of  a  fluid,  although  viscid,  not  so  much  so  as  that 
in  the  long  loop.  Both  fluids  were  colourless  and  partly  transparent, 
partly  flocculent  and  opaque.     The  reaction  of  both  was  alkaline. 

The  long  loop  measured  11*6  cm.  in  length,  and  the  short  loop, 
6*1  cm.,  and  was  situated  about  6  cm.  from  the  coecuro. 

The  result  of  this  experiment  is  not  in  harmony  with  the 
conclusion  tentatively  expressed,  that  the  greater  the  extent  of 
mucous  membrane  exposed  to  the  action  of  the  salt,  the  less  is 
the  secretion,  and  which  was  directly  inferred  from  the  results 
of  the  two  preceding  experiments.  With  these  opposing  results 
I  deemed  it  necessary  to  obtain  confirmation  of  the  one  or  the 
other  by  another  experiment  made  under  conditions  slightly 


THE  ACTION  OF  SALINE  CATHABTIGS.  401 

modified  from  those  of  the  preceding  experiment :  the  time  was 
extended  to  five  hours,  and  the  colon  was  likewise  ligatnred  and 
injected. 

Eaoperiment  XXXIX, — Cat,  weighing  2*36  kilogrms. 

Five  loops  were  formed  on  the  Uemn,  two  for  injection  and  three 
for  controls,  and  they  were  so  arranged  alternately  that  an  injected 
coil  lay  between  two  controla  Into  the  longer  of  the  injected  loops 
was  placed  1  c.c.  of  a  10  per  cent  solution  of  sodic  sulphate.  Into 
the  shorter  loop  was  also  injected  the  same  quantity  of  the  salt  solu- 
tion. On  the  colon  was  formed  a  single  loop,  accompanied  by  the 
usual  four  ligatures,  and  into  it  was  injected  1  ac.  of  the  same  solu- 
tion. The  cat  recovered  well  from  the  effects  of  the  ansesthetic,  and 
did  not  vomit.  The  intestines  contained  no  tape-worm,  so  that  the 
washing-out  was  quickly  accomplished,  and  the  operation  completed 
in  a  few  minutes.     The  cat  was  killed  at  the  end  of  five  hours. 

Autopsy. — Condition  of  ileum : — Long  loop  contained  0*1  c.c  of 
an  extremely  viscid  fluid ;  short  loop,  0*88  c.c.  of  a  less  viscid,  slightly 
yellowish,  gruel-like  fluid.     Both  were  alkaline  in  reaction. 

In  the  loop  of  the  large  {intestine  were  1*88  ac.  of  an  excessively 
tough,  glairy  fluid,  almost  tougher  than  white  of  egg,  and  mixed  with 
greyish  slimy  flakes ;  reaction  alkaline. 

The  longer  of  the  ileac  loops  measured  14  cm.,  the  shorter  8  cm. 
The  loop  on  the  colon  was  5*2  cm.  long. 

In  so  far  as  the  length  of  intestine  affects  the  amount  of  the 
secretion,  the  result  is  the  same  as  that  of  the  preceding  experi- 
ment The  larger  the  loop  exposed  to  the  uction  of  a  given 
quantity  of  the  salt  solution,  the  less  is  the  quantity  of  the 
secretion,  and  we  may  now,  therefore,  regard  this  as  an  estab- 
lished fact 

Here  also  as  in  Experiment  XXXVII.,  the  fluid  in  the  colon 
exceeded  the  quantity  of  that  in  the  ileum,  without  that  the 
extent  of  its  mucous  surface  was  less ;  the  fluid  was  likewise  of 
extreme  viscosity.  This  affords  confirmation  of  the  statement 
met  with  in  some  physiological  works,^  that  the  secretion  of  the 
colon  contains  more  mucus  than  the  secretion  of  the  small  intes- 
tine. The  larger  amount  of  the  colic  than  of  the  ileac  fluid  is 
due  either  to  the  secreting  glands  of  the  large  intestine  being 
more  susceptible  to  the  action  of  the  salt  than  those  of  the  small 
intestine,  or  to  some  other  changes  of  which  I  have  not  as  yet 
taken  cognisance.  From  a  comparison  of  Experiment  XXXVIL 
with  Experiments  XXXVL  and  XXXYIII.,  we  may  conclude 

^  Heidenhain,  H#rmafin*«  Hdbwh.  der  Physiologies  Bd.  v.  Th.  1,  S.  168. 
VOL.  X7I.  2  D 
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that  if  the  extent  of  mucous  membrane  acted  on  by  the  salt  be 
nearly  equal  in  the  colon  and  in  the  ileum,  then,  if  the  action 
of  the  salt  be  interrupted  at  the  end  of  two  hours  or  bo,  the 
quantity  of  secretion  will  be  found  to  be  much  alike  in  both ; 
but  if  the  salt  be  allowed  to  act  for  five  hours,  then  more  fluid 
will  have  been  secreted  in  the  colon  than  in  the  ileum.  The 
explanation  is  tolerably  simple.  In  both  secretion  occurs  with 
equal  rapidity  during  the  first  two  hours  or  until  the  salt  solu- 
tion within  the  intestine  is  so  diluted  as  no  longer  to  possess 
excito-secretory  power.  This  point  having  been  reached, 
absorption  begins ;  but  the  fluid  of  the  colon  containing  much 
more  mucin  than  that  of  the  small  intestine  is  absorbed  more 
slowly,  and  consequently,  at  the  end  of  five  hours,  remains, 
relatively  to  the  ileac  secretion,  large  in  quantity.     It  is  highly  ^ 

probable  that  mucin  is  hardly,  if  at  all,  absorbed ;  the  water  in 
which  it  is  dissolved  alone  being  removed,  a  fact  to  which  the 
viscosity  of  those  fluids  which  had  greatly  diminished  in 
quantity  point  {e.g.  Experiment  XXXIX.),  and  which  is  in  ac- 
cordance with  what  is  known  of  the  physiology  of  digestion. 

But  we  are  not  done  with  the  apparent  contradictions  which  ik^ 

the  results  of  these  experiments  present.  Much  must  be  allowed 
for  dififerences  in  the  constitution  of  the  various  animals,  in  the 
healthy  condition' of  the  viscera,  and  in  the  effect  of  more  or  less 
manipulation  of  the  exposed  gut.  If,  however,  all  these  con- 
ditions be  exactly  alike  in  each  experiment,  then,  regarding  the 
body  as  a  mere  machine  for  the  time  being,  the  result  of  each 
experiment  should  be  in  strict  accordance  vrith  the  known  and 
intended  alteration   of  these   conditions.     And  if   we  have  a  >♦ 

discordant  result  where  the  conditions  are  generally  good,  we 
must  search  for  the  explanation  in  some  unheeded  difference  in 
the  manner  or  mode  of  the  experiment.  These  remarks  apply 
forcibly  to  Experiments  XXXIII.  and  XXXIX.,  whose  results 
are  strikingly  at  variance.  In  the  former,  after  the  injection 
of  1  C.C.  of  a  10  per  cent,  solution  of  a  sulphate  of  soda  into  a 
certain  length  of  the  ileum,  by  the  end  of  five  hours  the  fluid 
has  increased  to  35  c.c.  In  the  latter  the  same  quantity  of  the 
salt  solution  in  the  same  time,  placed  in  a  loop  of  nearly  equal 
length  in  a  similar  portion  of  the  intestine,  has  diminished  to 
08  c.c.    The  result  of  Experiment  XXXIIL  was  fully  con- 
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firmed  by  other  experiments  whose  protocols  I  have  not  given, 
and  where  the  ileum  alone  was  ligatured  and  injected.  The  sole 
diflference  between  the  conditions  of  the  two  experiments  lies  in 
the  greater  number  of  ligatures  applied  to  the  intestines.  The 
more  numerous  injections  made  in  Experiment  XXXIX,  can 
be  of  little  consequence.  That  this  difference  is  sufficient  to 
account  for  the  opposing  results  is  amply  demonstrated  by  the 
succeeding  experiments,  which,  at  the  same  time,  prove  that  the 
result  of  Experiment  XXXIX.  was  not  exceptional.  They  were 
designed  for  the  purpose  of  ascertaining  the  action  of  the  salt 
in  different  portions  of  the  small  intestine  before  I  had  per- 
ceived the  explanation  of  the  difference  alluded  to.  A  loop  on 
the  duodenum,  jejunum,  and  ileum  was  injected,  and  associated 
with  each  injected  loop  were  five  ligatures — the  usual  two  at 
each  end,  binding  off  the  openings  through  which  the  loop  was 
washed,  and  a  fifth  for  the  purpose  of  excluding  from  the  loop 
the  puncture  made  by  the  cannula  of  the  syringe ;  for  I  had 
sometimes  observed  a  very  slight  oozing  from  the  puncture 
when  the  loop  was  largely  distended  with  secretion.  There 
was,  therefore,  a  large  number  of  ligatures.  The  usual  washing 
out  of  the  intestine  was  not  practised. 

Experiment  XL, — Cat,  female,  weighing  2*95  kilogrxns. 

A  loop  was  formed  in  the  manner  described  in  each  of  the  three 
divisions  of  the  small  intestine — the  duodenum,  the  jejunum,  and  the 
ileum.  Into  each  loop  was  injected  1  c.c.  of  a  10  per  cent,  solution  of 
sulphate  of  soda.     Killed  at  the  end  of  five  hours. 

AuTOPST. — ^The  quantity  of  fluid  in  the  various  injected  loops  was 
as  follows : — 

Duodenal  loop  contained  1*1  c.c. 
Jejunal         „  „         1  "05  „ 

Ileac  „  „         1-1    „ 

The  duodenal  fluid  was  rather  limpid,  of  a  yellowish-white  colour, 
and  contained  a  finely  divided  whitish  deposit  which  was  not,  as  usual, 
tough  and  slimy.  The  jejunal  fluid  was  tinged  with  a  small  quantity 
of  blood,  and  was  rather  more  viscid  than  the  duodenal  fluid,  and  con- 
tained some  whitish  flocculi.  The  ileac  fluid  was  transparent,  colour- 
less, and  more  viscid  than  any  of  the  others,  with  a  whitish  tough 
deposit.  The  reaction  was  in  every  case  alkaline ;  and  all  contained 
little  albumen,  and  digested  starch  readily,  the  duodenal  being  the 
most  active. 

Each  loop  measured  from  6  to  6*5  cm.  in  length.  The  duodenal 
loop  was  15  cm.  from  the  pylorus.     It  was  difficult  to  place  it  nearer 
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the  stomach  without  injuring  the  pancreas,  one  lobe  of  which  in  the 
cat  is  closely  adherent  to  the  upper  part  of  the  duodenum  for  the 
greater  part  of  its  length.  The  jejunal  loop  was  midway  between  those 
of  the  duodenum  and  ileum,  the  latter  being  8  cm.  from  the  coecum. 

In  so  far  as  the  immediate  object  of  this  experiment  was 
concerned,  it  led  to  the  conclusion  that  the  salt  acted  equally  on 
all  parts  of  the  small  intestine. 

It  at  the  same  time  confirmed  the  result  of  Experiment 
XXXIX.,  and  proved  that  an  extensive  disturbance  of  the 
intestine  lessens  the  amount  of  fluid  in  the  injected  coil.  That 
this  could  be  produced  by  merely  a  large  number  of  ligatures, 
without  the  prolonged  exposure  and  irritation  of  the  intestine 
consequent  on  washing  out  and  injecting  several  coils,  the  next 
experiment  is  designed  to  show. 

Experiment  XLL — Cat,  weighing  2*12  kilogrms. 

A  loop  about  the  middle  of  the  small  intestine  was  washed  out  and 
ligatured  and  injected  with  1  c.c.  of  a  10  per  cent,  solution  of  a  sulphate 
of  soda,  exactly  as  in  Experiment  XXXIII.  Immediately  afterwards 
four  ligatures  were  rapidly  tied  round  the  coecal  end  of  the  small  in- 
testine at  a  few  inches  apart  from  each  other,  and  other  four  were 
similarly  applied  near  the  pyloric  end.  The  exposure  of  the  intestine 
was  very  short.     Killed  after  ^ye  hours. 

Autopsy. — The  injected  loop  was  6  cm.  in  length,  and  contained 
O'l  c.c.  of  a  whitish  viscid  fluid.  The  portions  of  intestine  included 
between  the  other  ligatures  were  all  empty. 

« 

In  offering  an  explanation  of  the  difference  in  the  action  of 
the  salt  on  the  large  and  on  the  small  intestines,  I  have 
advanced  the  suggestion  that  during  the  flrst  two  hours  or  so 
after  the  injection  of  the  salt  it  excites  secretion,  and  that  sub- 
sequently, owing  to  its  having  become  diluted,  it  begins  to  be 
absorbed.  Speaking  more  strictly,  during  the  first  period  secre- 
tion is  in  excess  of  absorption,  and  during  the  second  period 
absorption  is  in  excess  of  secretion.  For  whenever  a  watery  fluid 
is  injected  into  the  intestine  we  must  believe  that  the  two  pro- 
cesses of  absorption  and  secretion  begin  simultaneously  to  act, 
the  excessive  activity  of  the  one  over  that  of  the  other  depend- 
ing on  the  relation  of  the  absorbability  of  the  fluid  to  its  excito- 
secretory  power.  That  the  salt  solution  injected,  although 
scarcely  increased  in  bulk  at  the  end  of  five  hours  as  in  the 
preceding  experiments,  may,  if  interrupted  at  an  earlier  stage  of 
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its  action,  show  a  decided  increase,  in  conformity  with  my 
suggestion,  is  supported  by  Experiment  XXXVI.,  where  even  a 
5  per  cent,  solution,  at  the  end  of  two  hours,  is  increased  in 
quantity  in  spite  of  the  application  of  a  large  number  of  ligatures. 
A  priori,  we  would  expect  that  a  10  per  cent,  solution  would 
show  an  increase.  The  result  of  the  next  experiment,  in  which 
all  the  conditions,  except  that  of  time,  were  exactly  the  same- 
as  in  the  preceding  experiment,  realised  my  expectation. 

JExperiment  XLIL — Cat,  female,  weighing  1  -47  kilogrms. 
All  the  conditions  of  loop,  ligatures  and  injection,  precisely  as  in 
the  foregoing  experiment ;  but  animal  killed  at  the  end  of  two  hours. 

Autopsy. — ^The  injected  loop  measured  6*5  cm.  in  length,  and  con- 
tained 3*7  CO.  of  a  colourless,  tolerably  viscid  fluid,  with  large  white 
j|  fiocculi     Alkaline  reaction  not  strong,  but  distiuct     The  rest  of  the 

intestine  was  practically  empty.  The  fluid  possessed  aU  the  characters 
usually  observed  in  such  fluids — slight  opalescence  on  acidifying  and 
heating,  good  diastatic  power,  &c  The  mucous  membrane  of  the  loop 
was  pale,  unless  close  by  the  seat  of  the  ligatures,  which  is  the  condi- 
tion ordinarily  observed. 

.  Secretion,  then,  does  take  place  in  the  early  stage  of  the  action 

of  the  salt  notwithstanding  the  application  of  a  large  number  of 
ligatures.  The  only  explanation  that  can  be  offered  of  the  effect  of 
the  ligatures  on  the  intestinal  secretion  is,  that  by  the  irritation 
of  their  presence  they  stimulate  the  absorptive  power  of  the 
intestine,  and,  it  may  be,  to  a  certain  extent  accelerate  secre- 
tion, so  that,  at  an  earlier  stage  than  without  the  irritation  of 
ligaturing,  absorption  is  able  to  counteract  and  eventually 
.  y  exceed  secretion ;  or  that  the  whole  process  of  the  action  of  the 

salt  is  hastened  by  an  equal  stimulation  of  absorption  and 
secretion,  the  maximum  dilution  of  the  fluid  being  rapidly 
reached  and  its  absorption  quickly  succeeding.  In  any  case, 
there  must  be  stimulation  of  the  absorptive  power  of  the  in- 
testine, and  as  that  is  accomplished  through  the  action  of 
ligatures  placed  at  a  considerable  distance  from  the  injected 
coil,  we  have  every  right  to  assume  that  there  is  here  the  mani- 
festation of  reflex  stimulation  of  a  set  of  intestinal  nerves  whose 
function  it  is  to  control  absorption.  Thus  one  more  fact  is 
added  to  demonstrate  that  absorption  is  under  the  influence 
of  the  nervous  system,  as  has  been  satisfactorily  proved,  for 
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other  portions  of  the  body  by  the  experiments  of  Brodie,  Schiff, 
and  Bernard,  but  most  particularly  by  those  of  Goltz. 

But,  while  the  probable  stimulation  of  absorption  was  the 
reflex  effect  of  a  number  of  ligatures,  it  was  otherwise  with  the 
local  or  direct  action  of  each  ligature ;  for,  as  will  be  supported 
by  the  succeeding  expieriments,  there  is  every  reason  to  believe 
that  the  ligature,  by  the  irritation  and  consequent  congestion 
it  produces  of  the  immediately  adjacent  mucous  membrane,  gives 
rise  to  an  increased  secretion  from  the  portion  of  the  membrane 
so  irritated.  Such  a  zone  of  congestion,  although  in  many  in- 
stances extremely  narrow,  was  invariably  visible.  It  could  not, 
however,  of  itself  have  been  sufficient  to  cause  an  accumulation 
of  secretion  within  a  ligatured  loop,  or  the  control  loops  present 
in  nearly  all  my  experiments  would  not  have  been  so  completely 
empty  as  they  almost  without  exception  were.  The  central  un- 
irritated  portion  of  these  loops  must  have  been  capable  of  absorb- 
ing the  secretion  as  quickly  as  it  was  poured  out.  The  result 
might  naturally  be  expected  to  be  gtherwise  when  a  solution  of 
a  purgative  salt,  or  some  other  body  capable  of  preventing  the 
rapid  absorption  of  the  exuded  fluid,  was  present  in  the  loop. 
The  secretion  of  fluid  excited  by  the  salt  would  then  be 
augmented  by  that  which  was  due  to  the  mere  local  effect  of 
the  ligatures.  To  determine  the  truth  of  this  hypothesis  it 
was  only  necessary  to  perform  some  experiments  in  which  the 
relative  interference  of  the  ligature  secretion  with  the  salt 
secretion  should  be  reduced  to  a  minimum  by  greatly  extending 
the  length  of  loop  ligatured  and  equally  increasing  the  amount 
of  salt  injected,  whereby  the  salt  secretion  would  be  correspond- 
ingly increased  without  altering  the  amount  of  the  ligature 
secretion.  In  some  of  the  experimenta  already  detailed  I  iad 
observed  the  influence  of  different  lengths  of  intestine  on  a 
given  quantity  of  salt  solution.  Now,  without  altering  the 
relation  of  the  length  of  the  intestine  to  the  amount  of  the  salt, 
I  proposed  to  ascertain  the  effect  of  equally  increasing  both. 
The  amount  of  secretion  resulting  from  the  injection  of  1  c.c» 
of  a  10  per  cent,  solution  of  the  salt  into  a  loop  about  6  cm. 
long  I  had  already  observed,  and  it  will  be  remembered  that 
where  it  was  unaccompanied  by  an  excessive  number  of 
ligatures  the  secretion  was  abundant  (Experiment  XXXIII. 
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and  others).  Would  the  effect  be  proportionately  the  same  if, 
say,  the  length  of  the  coil  was  increased  to  54  or  60  cm.,  and 
the  amount  of  salt  solution  to  9  or  10  cc,  each  being  multiplied 
by  9  or  10  ?  These  experiments  I  undertook  the  more  willingly 
as  they  offered  the  further  prospect  of  a  more  complete  and 
satisfactory  examination  of  the  secreted  fluid  than  hitherto  I 
had  obtained  owing  to  the  small  amount  of  the  secretion. 

As  in  none  of  the  previous  experiments  had  I  been  able  to 
detect  the  escape  of  fluid  from  the  injected  loop  into  the  adja- 
cent controls,  it  appeared  that  the  ligatures  were  in  all  cases 
applied  sufBciently  tightly  to  prevent  such  an  escape,  and  to 
warrant  the  abandonment  of  the  use  of  the  two  additional  liga- 
tures required  for  the  controls. 

The  experiments  were  conducted  in  other  respects  in  the 
manner  previously  described,  the  loop  being  well  washed  out 
with  a  warm  |  per  cent,  solution  of  common  salt.  Five  ligatures 
were  in  each  case  necessary,  unless  where  otherwise  stated — two 
for  the  first  demarcation  of  the  loop,  two  to  exclude  the  openings 
by  which  the  loop  had  been  washed,  and  one  to  shut  off  the 
puncture  made  at  its  one  extremity  by  the  injection-cannula. 

Experhnent  XLIIL — Cat,  male,  weighing  3*51  kilogrammes.  After 
the  ligatures  had  been  applied  the  loop  was  found  to  measure  about 
50  cm.  long,  and,  accordingly,  I  injected  9  c.cof  a  10  per.  cent  solu- 
tion of  sodic  sulphate.     Killed  at  the  end  oijive  hours. 

Autopsy. — ^The  fluid  in  the  loop  measured  5*6  cc,  and  \ra8  colour- 
less, opaque,  and  tolerably  viscid,  and  alkaline  in  reaction.  The 
opacity  was  caused  by  minute  wliitish  flocculL  A  few  fragments  of 
tape-worm,  which  the  previous  washing  had  failed  to  dislodge,  were 
also  present  That  the  hgatures  wore  not  so  loosely  appUed  as  to 
permit  the  escape  of  some  of  the  secretion  from  the  loop  was  ascer- 
tained by  attempting  before  opening  the  loop  to  press  with  consider- 
able force  some  of  the  fluid  through  the  ligatured  ends  of  the  loop, 
but  not  a  drop  flowed  out.  This  precaution  was  used  in  every 
subsequent  experiment.  The  injected  loop  was  51  cm.  long,  and 
was  12  cm.  distant  from  the  colon,  and  63  cm.  from  the  stomach. 

The  fluid  after  standing  for  a  night  became  extremely  tough,  and 
altogether  rather  like  a  bronchitic  sputum  without  the  air-bubbles. 
Microscopically,  the  deposit  consisted  of  a  large  number  of  nucleated, 
distinctly  granular  corpuscles,  many  of  which  were  aggregated  into 
mulberry-like  groups  ;  most  of  the  corpuscles  were  globular,  but  a  few 
were  elongated,  and  almost  perceptibly  tailed.  There  was  also  a 
quantity  of  fine  granular  material  resembling  the  debris  of  degene^ 
rated  cells ;  some  faintly  fibrillar  homogeneous  matter  was  probahiy 
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mucin.  A  few  granular  columnar  epithelial  cells  with,  large  nuclei 
were  also  visible,  as  well  as  a  very  few  nearly  empty  so-called  chalice 
cells.  There  were  no  red  corpuscles.  I  have  not  attempted  to  dis- 
tinguish  between  mucous  and  lymph  corpuscles,  as  physiologists  are 
not  generally  agreed  in  what  essential  features  the  one  differs  from  the 
other.  According  to  the  usual  distinction  most  of  the  corpuscles 
appeared  to  be  mucous. 

The  fluid  contained  a  trace  of  albumen,  and  gave  a  distinct  precipi- 
tate with  acetic  acid,  insoluble  in  excess,  indicating  the  presence  of 
mucin.  The  whole  of  the  fluid  was  carefully  collected  from  the 
microscopic  slide,  test-tube,  and  loop,  the  last  of  which  was  infused 
several  times  in  water,  and  the  infusion  added  to  the  fluid,  and  the 
mixture  analysed  to  ascertain  the  quantity  of  sulphates  present.  For 
this  purpose  it  was  evaporated  to  dryness,  burnt  with  a  little  dried 
carbonate  of  soda,  and  the  ash  dissolved  in  hydrochloric  acid  and 
water,  and  the  sulphuric  acid  estimated  in  the  filtrate  by  the  usual 
method.  The  quantity  of  sulphuric  acid  recovered,  estimated  as 
NajSO^.lOHoO,  was  0*041  gramme,  or  only  a  fraction  of  what  had 
been  injected. 

The  result  of  this  experiment  was  remarkable.  The  salt 
solution,  instead  of  increasing  in  amount,  as  might  have  been 
expected  from  a  knowledge  of  the  action  of  the  salt  as  exhibited 
in  Experiment  XXXIIL,  has  diminished. 

Was  this  diminution  due  to  causes  similar  to  those  which 
lessened  the  fluid  in  the  experiments  with  a  large  number  of 
ligatures  ?  Had  the  exposure  of  the  large  loop  of  intestine 
during  the  time  occupied  in  washing  it  irritated  it  much  in  the 
same  manner  as  the  excessive  number  of  ligatures,  so  that  its 
absorbing  or  secreting  activity  was  affected  ?  Another  experi- 
ment, in  which  all  irritation  was  as  much  as  possible  avoided, 
appeared  therefore  desirable. 

Experiment  XLIV. — Cat,  male,  weighing  3*40  kilogrammea  Small 
intestine  was  exposed,  and  about  50  cm.  quickly  measured  and  liga- 
tured. The  loop  was  quite  collapsed  and  empty,  and  was  neither 
stripped  nor  washed  out.  Into  it  were  injected  10  c.c.  of  a  10  per 
cent,  solution  of  sulphate  of  soda,  heated  to  35*  C,  and,  as  before,  the 
puncture  was  ligatured  of^  Altogether  three  ligatures  were  applied, 
and  the  time  of  exposure  of  the  intestine  did  not  exceed  two  minutes. 
Killed  ^t;e  hours  afterwards. 

Autopsy. — The  loop  contained  6  c.c  of  a  somewhat  viscid,  colourless 
fluid,  transparent  where  unmixed  with  yellowish-white,  extremely 
tough  flakes,  which  constituted  the  larger  part  of  the  liquid.  Reaction, 
a^aline.  The  exact  length  of  the  loop  as  measured  after  death  was 
62  cm.     The  mucous  membrane  was  distinctly  paler  than  in   the 
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lemainder  of  the  small  intestine,  whicli  was  collapsed  and  empty  in 
its  whole  extent  The  total  length  of  the  small  intestine  was 
153  cm.,  and  the  loop  was  7  cm.  from  the  coecum.  The  stomach 
contained  2*5  cc.  of  a  frothy  yellowish  fluid,  acid  in  reaction.  In  the 
colon  was  a  quantity  of  firm  fsBces,  but  no  fluid. 

The  fluid  obtained  from  the  injected  loop  along  with  several  infu- 
sions of  the  latter  yielded  0*101  gramme  of  Na3SO4.10H2O,  reckoned 
from  the  sulphuric  acid. 

This  experiment  in  its  result  was  an  exact  confirmation  of 
Experiment  XLIII.,  both  showing  that  in  a  sufficiently  long 
loop  a  10  per  cent,  solution  of  sulphate  of  soda  is  diminished 
rather  than  increased  during  a  five  hours'  stay  in  the  intestine. 
It  were,  however,  possible  that  in  the  earlier  part  of  the  action 
of  the  salt  there  was  an  actual  increase  of  the  secretion,  which 
had  diluted  the  salt  sufficiently  to  permit  of  its  absorption 
before  the  expiry  of  five  hours,  as  had  already  been  observed 
with  regard  to  injected  loops  influenced  by  the  presence  of  many 
ligatures.  The  next  experiment  shows  that  there  was  no  such 
increase  of  the  fluid  during  the  earlier  part  of  the  action  of  the 
salt. 

JSa^penment  XLV, — Cat,  female,  weighing  2*29  kilogramme&  In- 
jected into  a  loop  of  the  small  intestine,  washed  out,  and  ligatured  as 
in  Experiment  XLIII.,  9  c.c.  of  a  10  per  cent,  solution  of  sulphate  of 
soda.  The  cat  vomited  a  very  little  about  one  hour  and  a  quarter  after 
the  operation.     Killed  in  two  hours. 

Autopsy. — On  exposing  the  intestines  immediately  after  death,  the 
following  appearances  were  noted,  and,  although  specially  mentioned 
here,  were  common  to  all  the  experiments  of  the  same  kind.  Peris- 
talsis was  rather  less  active  in  the  injected  than  in  the  uninjected  part 
of  the  intestine.  The  former  was  distinctly  paler  than  the  latter,  and 
its  blood-vessels  were  less  distended  and  less  prominent.  No  part  of 
the  intestine  contracted  very  readily  on  being  lightly  stimulated,  and 
still  less  so  the  injected  loop.  After  removal  from  the  abdomen  by 
detachment  from  the  mesentery,  the  excitability  of  the  muscular  walls 
of  the  injected  loop  was  little,  if  at  all,  increased  On  the  other  hand, 
the  remainder  of  the  intestine  was  sensible  to  very  slight  simulation, 
contracting  firmly  and  often  permanently  along  a  much  greater  part  of 
its  length  than  that  irritated. 

The  injected  loop,  which  measured  44  cm.,  contained  9*9  c.c.  of  a 
partly  limpid,  partly  viscid  fluid,  colourless  and  transparent,  unless 
where  mixed  with  some  faintly  yellowish-white  flocculi.  Beaction, 
alkaline. 

Microstopically,  the  deposit  presented  the  same  characters  as  in 
Experiment  XLIII.,  but  contained  rather  more  mucous  corpuscles. 
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A  portion  of  the  fluid  boiled  did  not  show  any  yisible  coagulum. 
Treated  with  excess  of  acetic  acid  the  unboiled  fluid  deposited  a  moder- 
ate quantity  of  mucin,  the  filtrate  from  which,  mixed  with  a  drop  of 
a  solution  of  ferrocyanide  of  potassium,  became  very  faintly  opalescent, 
indicating  the  presence  of  a  mere  trace  of  albumen.  This  was  cpn- 
flrmed  by  other  delicate  proteid  reactions. 

The  fluid  digested  starch  readily,  and  inverted  cane-sugar.  Col- 
lecting carefully  all  the  various  portions  of  the  fluid  and  adding  the 
infusion  of  the  loop,  and  allowing  for  the  sulphate  of  copper  used  in 
testing  .for  albumen  and  sugar,  the  whole  mixture  yielded  0*322 
grammes  of  Na2SO4.10H2O,  estimated  from  the  sulphuric  acid 
recovered. 

These  three  experiments,  presenting  results  in  perfect  concord, 
more  than  prove  what  I  expected,  that  the  increase  of  the  salt 
solution  witnessed  in  a  short  intestinal  loop  is  in  large  part  due 
to  the  local  irritation  of  the  ligatures.  For  when  a  much  longer 
loop  was  injected,  with  the  ligatures  so  widely  apart  that  the 
secretion  they  excited  could  exert  but  little  appreciable  influence 
on  the  large  mass  of  injected  fluid,  then  a  10  per  cent,  solution 
of  sulphate  of  soda  was  found  not  to  have  increased  in  volume, 
whether  examined  two  hours  or  five  hours  after  injection.  Had 
it  increased  to  the  same  extent  as  in  Experiment  XXXIIL, 
where  1  c.c.  became  3*45  cc,  the  9  c.c.  ought  to  have  swelled 
to  30  c.c. 

Had  these  last  experiments  been  made  previous  to  those  which 
form  the  earlier  part  of  this  series,  I  would  doubtless  have  been 
satisfied  with  the  support  and  proof  they  offered  of  the  theory 
I  sought  to  establish  in  the  first  series  of  experiments — that  the 
salt  does  not  excite  secretion,  but  merely  prevents  the  absorption 
of  the  fluid  in  which  it  is  dissolved.  And  even  taking  into  con- 
sideration all  the  experiments  of  this  series  I  have  as  yet 
recorded,  they  do  not  present  much  in  opposition  to  this  theory 
but  what  might  be  roughly  explained  by  the  conditions  of  the 
experiments.  But  in  attempting  a  precise  explanation  of  many 
of  the  phenomena  observed,  I  have  assumed  that  the  salt  excites 
intestinal  secretion ;  and  this  is  borne  out,  even  in  those  cases 
where  the  injected  fluid  undergoes  no  increase,  by  an  examina- 
tion of  the  chemical  characters  and  digestive  properties  of  the 
fluid.  If  the  bulk  of  the  fluid  is  not  increased,  it  is  because 
absorption  has  proceeded  as  rapidly  as  secretion.  The  small 
quantity  of  the  salt  recovered  from  the  injected  loop  (Experi- 
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ments  XLIIL,  XLIV.,  and  XLV.),  the  viscidity  of  the  fluid,  and 
its  action  on  starch  and  cane-sugar,  all  prove  that  the  salt 
solution  has  undergone  considerable  changes,  which  can  only  be 
acconnted  for  by  a  free  secretion,  obscured  in  certain  cases  by  an 
equally  free  absorption. 

Proceeding  to  make  a  practical  application  of  the  results  of 
these  experiments,  are  we  to  believe  they  fairly  represent  what 
occurs  when  an  ordinary  dose  of  the  purgative  salt  is  adminis- 
tered by  the  mouth  ?  Am  I  right  in  assuming  that  the  salt  is 
diluted  to  at  least  a  10  per  cent  solution  before  it  passes  into 
the  intestine;  and  does  the  salt  solution,  diluted  to  that  strength 
by  the  alimentary  fluids,  undergo  no  increase  in  the  canal, 
although  exciting  secretion;  o^  is  the  proportion  of  the  salt 
solution  to  the  length  of  intestine  acted  on  too  smaU  in  my 
experiments  to  represent  what  happens  when  the  salt  reaches 
the  intestine  after  administration  in  the  usual  manner ;  and  will 
an  alteration  of  this  proportion  affect  the  amount  of  the  fluid 
within  the  canal  ?  Further,  if  the  salt  can  reach  the  intestine  in  a 
morg  concentrated  solution  than  10  per  cent,  may  the  action  of 
the  concentrated  salt  be  different  from  that  of  the  diluted  salt  ? 
All  other  observers  employed  a  20  per  cent  solution  for  injection 
into  the  intestine,  and  obtained  in  many  cases  a  very  large 
increase  of  fluid. 

In  answer  to  the  first  of  these  questions,  as  to  the  strength  of 
the  salt  solution  when  it  passes  into  the  intestines  from  the 
fttomach,  and  as  to  the  proportion  of  it  to  the  length  of  the 
intestines  acted  on,  I  think  we  have  every  right  to  assume  that 
the  salt  is  very  rarely  stronger  than  10  per  cent,  when  it  passes 
through  the  pylorus.  A  dose  of  the  salt,  say  an  ounce,  is  gene- 
rally taken,  dissolved  in  almost  a  tumblerful  or  10  ounces  of 
water,  including  that  which  is  customarily  drank  immediately 
afterwards ;  and  even  if  it  be  taken  more  concentrated,  it  is  very 
likely  to  meet  with  sufficient  fluid  in  the  stomach  to  dilute  it  to 
at  least  a  10  per  cent,  solution.  So  there  can  be  no  objection  to 
the  strength  of  the  solution  I  have  employed.  The  proportion 
of  the  salt  solution  injected  to  the  length  of  intestine  acted  on  is 
not,  however,  so  free  from  fault.  And  an  alteration  in  this  pro- 
portion may  very  materially  affect  the  bulk  of  the  fluid,  as 
Experiments  XXXVIIl.  and  XXXIX  have  proved;  although 
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in  these  the  coils  were  so  short  that  the  difference  observed  may 
be  largely  attributable  to  the  effect  of  the  ligatures.  There  a 
given  quantity  of  a  10  per  cent  solution  of  the  salt  showed  much 
the  larger  increase  in  the  longer  of  two  loops,  which  is  equivalent 
to  stating  that  if  the  loops  be  made  of  equal  length,  and  more  of 
the  salt  solution  be  injected  into  the  one  than  into  the  other,  the 
secreted  fluid  will  be  relatively  much  larger  in  the  former  than 
in  the  latter.  It  is  probable,  therefore,  that  had  I  injected  more 
than  9  or  10  c.c.  into  a  loop  50  to  60  cc,  as  in  the  last  three 
experiments,  the  solution,  instead  of  showing  no  increase,  might 
have  been  considerably  augmented.  But  it  is  yet  to  be  decided 
whether  the  proportion  of  the  salt  solution  to  the  length  of 
intestine  did  not  represent  what  actually  occurs  when  the  salt  is 
administered  per  os.  In  the  cat,  the  animal  used  in  the  forgoing 
experiments,  the  small  intestine  varies,  as  I  have  frequently 
ascertained  by  measurement,  from  110  or  120  to  170  cm. 
Now,  as  the  salt  solution  will  pass  through  the  pylorus 
comparatively  slowly,  the  first  portion  of  the  salt  will  almost 
have  reached  the  coecum  before  the  last  portion  has  left 
the  stomach,  so  that  the  5  grammes  of  salt,  the  purgative  dose 
for  a  cat,  will  be  distributed  over  the  whole  length  of  the 
small  intestina  There  will  thus  be  1  gramme  for  every  22  to 
34  cm.  of  intestine.  But,  if  it  happens  that  a  portion  of  the  salt 
has  passed  into  the  colon  before  the  last  of  it  has  left  the 
stomach,  then  this  proportion  may  be  diminished  to  1  gramme 
for  every  40  or  even  60  cm.  In  my  experiments  the  proportion 
was  1  to  60,  and  this  in  some  cases  might  represent  what  takes 
place.  But  in  all  likelihood  the  proportion  is  greater — 1  to  30, 
or  so.  The  proportion  I  used  was  arbitrarily  chosen,  and  with- 
out regard  to  the  point  now  under  discussion.  If  the  proportion 
be  increased  to  1  to  30  (or  2  to  60),  will  the  effect  of  the  salt 
solution  exhibit  the  same  difference  in  the  large  loops  as  it  did 
in  the  short  loops  of  Exp.  XXXVIII.  and  XXXIX.  ?  For  this  is 
the  important  point.    Experiment  answers  in  the  affirmative. 

Experimmt  XLVL — Cat,  male,  weighing  2 '86  kilograms.  Loop 
of  small  intestine  washed  out  and  ligatured  in  the  usual  manner,  and 
ii^ected  with  20  c.a  of  a  10  per  cent  solution  of  sulphate  of  soda, 
^ter  death  the  loop  was  found  to  measure  54  cm.  long.  The  animal 
was  killed  xsifivt  hours. 
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Autopsy. — The  loop  contained  34  c.c.  of  a  fluid  possessing  much 
the  same  characters  as  the  fluids  previously  obtained, — colourless, 
somewhat  viscid,  containing  only  a  trace  of  adbumen,  and  capable  of 
digesting  starch  and  cane-sugar. 

In  Series  D.  of  my  experiments,  where  I  had  occasion  to  inject 
the  whole  length  of  the  small  intestine,  ligatured  at  both  its 
extremities,  but  excluding  the  pancreatic  and  bile  ducts,  with  5 
grammes  of  the  salt  in  the  form  of  a  10  per  cent  solution,  I 
found  that  the  50  c.c.  injected  generally  increased  within  a  short 
time  to  about  100  c.c.  There  is,  therefore,  hardly  any  doubt 
that,  if  the  proportion  of  the  salt  solution  to  the  length  of  the 
intestinal  loop  be  greater  than  1  to  60,  there  will  be  an  increase 
in  the  bulk  of  the  fluid,  and  this  is  probably  what  occurs  when 
the  salt  is  given  by  the  mouth.  So  that  in  this  point  of  propor- 
tion many  of  my  experiments  are  open  to  objection,  without, 
however,  greatly  impairing  their  interest  and  physiological 
value. 

We  have  yet  to  discuss  the  effect  of  the  salt  reaching  the 
intestine  in  a  possibly  more  concentrated  solution  than  10  per 
cent.  This  I  have  already  stated  as  being  highly  improbable. 
But,  apart  from  its  probability,  the  investigation  of  this  point 
will  be  of  interest  as  forming  the  link  between  my  experiments 
and  the  experiments  of  GoUn,  Moreau,  Yulpian,  Lauder  Bruntoa, 
and  the  others  who  injected  a  20  per  cent  solution  of  the  purga- 
tive salt  into  the  intestine.  Will  a  given  weight  of  the  salt 
injected  into  a  given  length  of  intestine  affect  differently  the 
resultant  quantity  of  fluid  according  as  the  salt  solution  is  con- 
centrated or  dilute  ?  Although  this  has  abeady  been  answered 
in  the  affirmative,  in  so  far  as  short  loops  are  concerned,  by 
Experiment  XXXVII.,  is  was  desirable  to  investigate  the  matter 
further. 

Experiment  XLVIL — Cat,  male,  weighing  2*03  kilogrms.  Injected 
into  a  loop  of  the  small  intestine  (which  was  after  death  ascertained  to 
measure  52  cm.,  and  was  situated  9  cm.  from  the  coecum,  and  67  cm. 
from  the  pylorus),  4^  cc.  of  a  20  per  cent,  solution  of  sulphate  of 
soda,  containing,  therefore,  as  much  salt  as  9  cc.  of  a  10  per  cent 
solution,  the  quantity  used  in  the  preceding  experiments.  The  loop 
was  previously  washed  out  as  usuaL  A  little  vomiting  occurred  during 
the  recovery  of  the  animal  from  the  anaesthetic  condition.  Killed  at 
the  end  of  three  hours.     During  this  interval  it  evacuated  a  small 
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■■  .  •••  itly  for  six  hoars  afterwards  it  gave  no  indication  of  inversion 
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ielded  0*311  grammes  of  NagSO^'lOHaO  (as  reckoned  from  the 
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1  not  the  slightest  signs  of  congestion  in  any  part  of  its  length 
the  immediate  neighhourhood  of  the  ligatures. 
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'ft  XLVIIL — Cat,  female,  weighing  1'36  kilogrms.,  very 

od  4^  cc.  of  a  20  per  cent,  solution  of  sulphate  of  soda 

'  the  small  intestine,  which  was  ascertained  after  death  to 
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quantity  of  firm  faeces,  the  only  occasion  on  which  I  have  observed 
this  occurring  in  the  whole  of  these  experiments. 

Autopsy. — The  loop  was  tolerably  distended  with  36  c.c.  of  a  colour- 
lesSy  opalescent,  somewhat  viscid  fluid,  mixed  with  white  mucous 
flakes.  Reaction,  alkaline ;  0*318  c.c.  of  the  pharmacopoeial  standtird 
solution  of  oxalic  acid  ^  was  required  to  neutralise '  10  c.c.  of  it.  The 
acid  solution  actually  used  was  ten  times  more  dilute  than  the  phar* 
macopceial. 

Examined  for  albumen,  the  fluid  gave  a  slight  opacity  with  excess 
of  acetic  acid  and  a  drop  or  two  of  ferrocyanide  of  potassium.  Com- 
pared with  an  equal  quantity  of  pure  saliva  in  a  similar-sized  test-tube, 
and  treated  with  the  same  reagents,  the  opalescence  of  the  former  was 
a  shade  more  distinct  than  that  of  the  latter.  I  made  this  comparison 
in  order  to  ascertain  by  a  simple  method  whether  the  quantity  of 
albumen  present  in  the  intestinal  fluid  exceeds  that  found  in  other 
alimentary  secretions.  A  large  quantity  of  albumen  would  have  giv«n 
support  to  Yulpian's  view,^  that  the  secretion  is  of  an  inflammatory 
character.     Heated  with  sulphate  of  copper  and  caustic  potash,  a  very  • 

faint  violet  was  produced,  which  was  not  deeper  than  that  given  by  saliva 
with  these  reagents.  !No  blackening  with  acetate  of  lead,  and  therefore 
no  sulphides.  (It  has  been  stated  by  some  authors  ^  that  the  purgative 
sulphates  are  partly  decomposed  in  the  canal,  forming  sulphides, 
which  by  irritating  the  intestinal  mucous  membrane  excite  secretion). 
Excess  of  chlorine  water  added  to  the  intestinal  fluid  did  not,  even 
after  several  hours,  produce  any  change  of  colour,  as  it  is  stated  to  do  .^ 

with  pancreatic  juice.* 

In  order  to  ascertain  quantitatively  the  diastatic  power  of  the  fluid, 
5  C.C.  of  it  were  mixed  with  100  c.c.  of  a  1  per  cent  solution  of  pure 
starch.  Both  fluids  were  previously  tested  for  glucose  or  maltose,  and 
found  to  contain  none.  The  mixture  was  placed  in  an  oven  at  a  tem- 
perature of  about  50*  C,  and  tested  at  intervals  of  ten  minutes  for 
maltose.  Fehling's  solution  was  employed  for  this  purpose,  and  within 
thirty  minutes  the  first  evidence  of  the  presence  of  maltose  was  obtained. 
The  mixture  was  then  digested  for  forty-eight  hours,  by  which  time 
the  action  of  the  ferment  might  be  supposed  to  be  exhausted.     It  ^ 

now  abundantly  reduced   Fehling,  and    10*5  c.c.  of   it    decolorised  V 

20  C.C.  of  Pavy's  modification*  of  Fehling's  solution,  equivalent  to 
*0135  grammes  of  maltose.  The  5  cc.  of  the  original  intestinal  fluid 
therefore  contained  sufiicient  ferment  to  form  0*128  gramme  of  maltose 
from  starch. 

The  in  vers!  ve  power  of  the  fluid  was  similarly  measured.  5  c-c.  of 
the  intestinal  fluid  were  mixed  with  1  gramme  of  cane-sugar  dissolved 
in  100  cc.  of  water,  and  placed  in  the  digesting  oven.     Tested  fre- 

^  100  c.c.  of  the  standard  solution  of  oxalic  acid  of  the  British  Pharmacopoeia 
contain  6  '3  grms.  of  the  crystalline  acid. 

'  Page  249  of  the  present  volume  of  this  Journal. 

*  Buchheim,  Arzneimittellehre,  3  Auflage,  S.  183. 

*  Hoppe-Soyler's  Physiologiache  Ghemie,  S.  258. 
B  A  mixture  of  Fehling^s  solution  with  a  large  quantity  of  strong  ammoniiw 
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quently  for  six  hoars  afterwards  it  gave  no  indication  of  inversion 
having  occurred.  Next  day,  or  nearly  twenty  hours  after  mixture,  it 
reduced  Fehliug  at  once.  Allowed  to  stand  for  another  day,  12*3  c.c. 
sufficed  to  decolorise  20  c.c.  of  Pavy's  solution,  so  that  the  whole 
fluid  contained  O'OSl  gnns.  of  maltose  ;  and  this,  therefore,  represents 
the  inversive  power  of  5  c.c.  of  the  intestinal  fluid. 

Half  of  the  original  fluid,  along  with  half  of  the  infusion  of  the 
loop,  yielded  0'311  grammes  of  NagSO^'lOHaO  (as  reckoned  from  the 
sulphuric  acid),  or  for  the  whole  fluid  0*622  grammes. 

The  mucous  memhrane  of  the  injected  loop  was  perfectly  pale,  and 
exluhited  not  the  slightest  signs  of  congestion  in  any  part  of  its  length 
unless  in  the  immediate  neighhourhood  of  the  ligatures. 

As  this  experiment  dififered  so  remarkably  from  the  preceding 
three  in  the  large  amount  of  secretion  excited  by  the  salt,  it  was 
thought  desirable  to  obtain  confirmation  of  its  correctness. 

Experiment  XLVIIL — Cat,  female,  weighing  1'36  kilogrms.,  very 
lean.  Injected  4^  c.c.  of  a  20  per  cent,  solution  of  sulphate  of  soda 
into  a  loop  of  the  small  intestine,  which  was  ascertained  after  death  to 
be  60  cm.  long  and  7  cm.  from  the  coecum.  The  intestine  was  not 
washed  out,  but  the  same  number  of  ligatures  was  applied  as  if  it  had 
been,  in  order  to  render  the  conditions  similar  to  those  of  preceding 
experiments.  Immediately  after  recovering  from  anaesthesia  it  vomited 
a  little,  and  for  some  time  kept  mowing  rather  loudly  as  if  suffering 
pain.  This  was  the  fii-st,  and,  indeed,,  the  only  occasion,*  on  which  I 
observed  a  cat  giving  evidence  of  suffering  pain  after  the  operation 
practised,  as  the  animal  usually  rested  quietly  and  placidly.  Killed  at 
the  end  oi  five  hours. 

Autopsy. — The  injected  loop  contained  8  c.c.  of  a  yellowish-white 
viscid  fluid,  mixed  with  a  large  quantity  of  flaky  mucus ;  reaction, 
alkalin&  A  very  slight  hsemorrhage  had  taken  place  into  the  peri- 
toneal cavity  from  the  neighbourhood  of  one  of  the  ligatures.  The 
control  loops  formed  by  the  additional  ligatures  were  empty  ;  and  the 
ligatures. at  the  ends  of  the  injected  loop  were  found  to  be  sufficiently 
tight  to  prevent  any  escape  of  fluid. 

This  experiment,  therefore,  presented  a  widely  diflferent  result 
from  the  preceding  experiment.  The  saline  solution,  as  in 
experiments  where  a  10  per  cent  solution  was  employed,  had 
scarcely  increased  in  bulk,  and  certainly  did  not  exhibit  the 
remarkable  increase  observed  in  Experiment  XLVII.  The  result 
of  the  one  or  of  the  other  experiment  must  be  incorrect,  owing 
to  bad  conditions.  These  are  most  apparent  in  Experiment 
XLVIII.,  where  the  animal  seemed  to  suffer  pain,  and  it  is  possible 
that  reflex  inhibition  of  secretion  or  stimulation  of  absorption 
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may  have  been  induced  by  the  circumstance  which  occasioned 
the  pain — perhaps,  the  inclusion  of  a  mesenteric  nerve  in  the 
intestinal  ligatures,  or  of  a  cutaneous  nerve  in  the  abdominal 
sutures.  I  therefore  inferred  that  Experiment  XLYII.  presented 
the  more  reliable  result  But  this  required  confirmation,  and 
necessitated  the  experiment  which  follows. 

Experiment  XLIX, — Cat,  male,  weighing  2*21  kilogrammes.  In- 
jected into  a  loop  of  the  ileum,  without  previous  washing-out,  4^  c.c.  of 
a  20  per  cent  solution  of  sulphate  of  soda.  The  usual  number  of  liga- 
tures were  placed  round  the  intestine.     Killed  after  five  hours. 

Autopsy. — The  loop  contained  64  c.c.  of  nearly  colourless  fluid, 
mixed  with  a  very  little  brownish  shreddy  material,  probably  a 
residue  of  the  food,  also  with  a  quantity  of  whitish  floccuIL  Beaction 
was  alkaline,  10  cc,  requiring  0*444  c.c.  of  the  standard  solution  of 
oxalic  acid  for  neutralisation. 

The  fluid  became  distinctly  opaque  on  the  addition  of  acetic  acid 
and  ferrocyanide  of  potassium ;  and  compared  with  saliva,  by  placing 
it  in  an  equal-sized  tube  and  diluting  it  until  a  similar  degree  of 
opacity  was  reached,  I  believed  it  to  contain  about  twice  as  much 
albumen  as  that  secretion.  The  excess  of  albumen  was  easily  ac- 
counted for  by  the  presence  of  a  little  incompletely  digested  food  in 
the  injected  loop.  Other  reagents  for  albumen  gave  the  same  result 
5  cc.  of  it  mixed  with  100  cc.  of  a  1  per  cent  solution  of  pure  starch 
gave  the  first  indication  of  the  presence  of  maltose  in  about  fifteen 
minutes,  and,  after  standing  for  forty-eight  hours,  yielded  0*4890 
grammes  of  maltose.  Other  5  cc.  mixed  with  100  cc.  of  a  1  per 
cent  solution  of  cane-sugar  digested  It  slowly,  and  gave  at  the  end  of 
forty-eight  hours  0'093  gramme  of  invert  sugar.  Half  of  the  original 
fluid  with  half  of  the  infusion  of  the  loop  yielded  0*412  grammes  of 
NagSOllOHjO,  or,  for  the  whole  fluid,  0824  grammea 

The  injected-loop  measured  53  chl  long,  and  was  emptied  before 
injection  by  gentle  stripping,  washing  out  having  been  omitted,  as  I 
wished  to  complete  the  operation  as  quickly  as  possible  in  order  to 
avoid  prolonged  exposure  and  irritation  of  the  intestine 

The  mucous  membrane  of  the  loop  was  quite  pale,  and  was  covered 
with  a  layer  of  viscid  mucus  mixed  with  epithelial  debris. 

The  result  of  this  experiment  is  in  harmony  with  that  of 
Experiment  XLVII.  In  both  there  was  a  very  decided  increase 
of  fluid  after  the  injection  of  a  20  per  cent  solution  of  the  salt, 
in  the  proportion  of  1  gramme  of  the  salt  to  60  cm.  of  intestine, 
or  the  same  as  used  in  Experiments  XLIII.,  XLIV.,  and  XLV. ; 
and  we  may  safely  conclude  that  the  result  of  Experiment 
XLVIII.  was  exceptional 

Before  proceeding  to  compare  the  effects  of  a  dilute  and  a 
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concentrated  solution  of  the  salt  as  brought  out  in  these  experi- 
ments, the  digestive  capabilities  of  the  intestinal  fluids  obtained 
will  be  alluded  to.  The  diastatic  power  of  the  secretion  was  in 
no  case  great.  The  more  energetic  action  of  the  fluid  of  Experi- 
ment XLIX.  was,  doubtless,  due  to  the  presence  of  a  small 
quantity  of  pancreatic  juice,  from  the  loop  not  having  been 
washed  out.  The  action  of  the  secretion  on  cane-sugar  was  still 
less  marked.  The  exact  extent  of  the  action  is  in  each  case 
recorded  in  the  protocol.  Some  additional  experiments  were 
made  to  ascertain  in  how  far  the  secretion  was  able  to  digest 
albumen  and  fat.  Placed  in  a  digesting  oven  with  a  small  piece 
of  fibrin,  the  fluid  gave  no  evidence  of  peptones,  except  in  the 
case  of  Experiment  XLIX.,  and  then  only  a  trace,  even  after 
several  hours,  although  the  fibrin  was  generally  in  part  dissolved. 
The  secretion  also  failed  to  digest  or  emulsify  fats  in  the  form  of 
pure  acid-free  cod  Uver  oil,  neither  when  first  mixed  with  it,  nor 
after  standing  for  nearly  twelve  hours. 

Passing  now  to  a  comparison  of  Experiments  XLIY.,  XLV., 
and  XLVI.  with  XLVII.  and  XLIX.,  we  are  confronted  with  the 
surprising  fact  that  a  given  quantity  of  sulphate  of  soda, 
injected  into  a  certain  length  of  intestine,  will,  if  dissolved  as 
a  10  per  cent  solution,  cause  little  or  no  alteration  in  the  volume 
of  fluid  within  the  intestinal  loop ;  but,  if  the  same  amount  of 
the  salt  be  injected  in  the  form  of  a  20  per  cent  solution,  or 
twice  as  concentrated  as  the  other,  and  into  the  same  length  of 
intestine,  it  will  provoke  a  large  flow  of  secretion,  far  beyond 
what  is  necessary  to  bring  the  salt  to  the  same  state  of  dilution 
as  in  the  former  case,  and  where  we  might  have  expected  its 
increase  to  be  arrested.  This  difference  of  effect  between  the 
strong  and  weak  solutions  is  not  in  accordance  with  what 
was  observed  in  Series  A.  of  experiments  to  follow  their  intro- 
duction by  the  mouth.  There  it  was  remarked  that  the  more 
concentrated  the  salt,  the  less  powerful,  or  at  least  the  more 
delayed,  was  its  action.  It  is  not  diflicnlt  to  understand  how 
this  may  be.  For,  excluding  these  experiments  where  water 
was  withheld  from  the  diet  of  the  animals  for  some  days  pre- 
viously, a  concentrated  solution  of  the  salt  would,  when 
administered  per  os,  become  quickly  diluted  in  the  stomach  or 
upper  part  of  the  intestine,  either  by  the  fluids  present  or 

VOL.  XVI.  2  E 
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by  the  secretion  excited,  or  by  both,  and   passing   into  the 
general  length  of  the  intestine,  would  then  merely  exert  the 
action  of  a  weaker  solution  under  this  disadvantage,  that  the 
blood,  having  already  in  the  upper  part  of  the  alimentary  canal 
supplied  it  with  some  of  its  fluid,  and  thus  become  more  con- 
centrated, would  less  freely  permit  of  secretion  in  the  intestine 
generally,  and  thus  delay  purgation.     It  is  otherwise  when  the 
concentrated  salt  is  kept  for  some  time  in  contact  with  the 
intestine  in  a  ligatured  loop.    The  solution,  although  diluted  by 
secretion,  is  acting  on  a  mucous  membrane,  altered  by  the  appli- 
cation of  an  originally  concentrated  salt.    What  the  nature  of 
this  alteration  is,  cannot  be  easily  determined.    It  is  not  a  strong 
irritation  and  inflammatory  condition  of  the  intestine,  or  the 
mucous  membrane  would  have   been    congested,  which  it  on 
no  occasion  was ;  and  the  secretion  ought  to  have  contained 
excess  of  albumen,  which  it  never  did.    The  concentrated  salt 
evidently  produces  some  more  subtle  and  less  obvious  change, 
whereby  the  secreting  power  of  the  intestine  is  increased  or 
its  absorptive  power  is  diminished;  for  either  the  one  or  the 
other,  or  a  combination  of  them,  will  suffice  to  increase  the  fluid. 
Disregarding  any  impression  which  the  salt  may  make  upon  the 
secretory  nervous  mechanism  of  the  intestine,  and  which  may 
be  maintained  for  some  time  after  the  cause  has  disappeared  or 
the  salt  become  diluted,  it  is  probable  that  the  concentrated  salt 
affects  the  absorptive  more  than  the  secretory  power  of  the 
mucous   membrane.    For  we  cannot  well  conceive  of  the  salt 
producing  in  the  secretory  cells  of  the  Lieberktihnian  follicles 
any  change,  other  than  inflammatory  irritation,  which  would  not 
pass  away  with  the  dilution  of  the  salt     On  the  other  hand, 
there  are  several  facts  which  give  countenance  to  a  supposed 
diminution  of  the  absorptive  power  of  the  membrane.     Absorp- 
tion,  ¥dthout  doubt,  is  for  the  most  part  effected  through  the 
agency  of  the  cylindrical  epithelium  covering  the  villi  of  the 
intestine ;    and  any  injury   to  this  must  impede  absorption. 
Now,  in  microscopical  sections  of  the  mucous  membrane  of  the 
various  injected  loops,  I  have  observed  that  chalice  or  goblet- 
shaped  ceUs  were  unusually  abundant  where  the  solution  injected 
was  20  per  cent.     The  chalice  cells  were  evidently  formed  from 
the  cylindrical  cells  by  the  action  of  the  salt ;  and  we  may 
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assume,  without  being  at  variance  with  the  most  recent  physio- 
logical knowledge,  that  the  former  cells  have  a  much  lower 
absorptive  power  than  the  latter.  A  10  per  cent,  solution  did 
not  produce  nearly  so  many  chalice  cells. 

That  the  absorptive  power  of  the  mucous  membrane  of  the 
intestine  was  lessened  by  a  strong  solution  of  the  salt,  was  further 
supported  by  the  fact,  that  after  the  action  of  such  a  solution, 
much  more  of  the  salt  was  recovered  from  the  contents  of  the 
loop  than  after  the  action  of  a  weaker  solution.  The  salt  re 
covered  in  the  last  six  experiments  clearly  shows  this.  A  thick, 
viscid,  layer  of  mucus  was  generally  observed  coating  the  surface 
of  the  mucous  membrane  after  the  action  of  the  concentrated  salt, 
and  this  also  may  have  offered  a  hindrance  to  absorption. 

An  examination  of  these  various  points  has  led  me,  therefore, 
to  conclude  that  the  difference  between  the  action  of  a  20  per 
cent,  solution  of  sulphate  of  soda  and  of  a  10  per  cent,  is  due 
more  to  impeded  absorption  than  to  accelerated  secretion.  There 
is  yet  some  experimental  evidence  to  adduce  in  favour  of  this 
view,  and  which  I  shall  now  present. 

Moreau  ^  recently  communicated  to  the  Academic  de  M^decine 
the  results  of  a  number  of  experiments  which  went  to  prove 
that  sulphate  of  soda  or  sulphate  of  magnesia  when  injected  into 
the  intestine  is  not  absorbed.  This  fact  he  urged  as  of  great 
importance  in  showing  the  fallacy  of  the  belief,  entertained  by 
Liebig,  Eabuteau,  and  others,  that  osmosis  plays  a  part,  if  not  the 
sole  part,  in  the  production  of  secretion  by  the  salt.  It  seems 
hardly  necessary  to  combat  Moreau's  statement  with  further 
experiment  than  is  offered  in  Series  A.  of  this  paper,  where  a 
large  proportion  of  the  salt  was  in  several  instances  recovered 
from  the  urine.  More  than  this  I  should  not  have  done,  had  I 
not,  previous  to  having  read  Moreau's  communication,  made  two 
experiments  by  a  method  like  his,  for  the  purpose  of  ascertaining 
whether  absorption  took  place  more  rapidly  from  a  loop  con- 
taining a  20  per  cent,  solution  of  the  salt  than  from  one  con- 
taining a  10  per  cent,  solution.  Moreau  injected  a  20  per  cent, 
solution  of  the  salt  into  the  ligatured  intestinal  loop  of  a  dog,  and 
a  few  minutes  afterwards  injected  into  the  same  loop  a  solution 

^  Morean,  BvMdin  de  VacadUmie  de  nUdecine,  2me  s^rie,  t.  viil  1879,  p.  867  ; 
ihid.  p.  367. 
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of  ferrocyanide  of  potassium.  In  no  instance,  and  his  experi- 
ments were  numerous,  could  he  discover  the  ferrocyanide  in  the 
urine  with  the  usual  reagents — ^perchloride  of  iron  or  sulphate 
of  copper.  He  did  not  take  the  precaution  of  concentrating  the 
urine  by  evaporation  before  testing,  which  would  have  rendered 
his  analysis  more  satisfactory.  Absorption,  as  I  have  already 
observed,  is  doubtless  impeded,  but  is  not  in  abeyance ;  and  the 
ferrocyanide,  passing  very  slowly  into  the  blood  and  reaching 
the  urine  in  still  more  diminished  amount,  may  not  have  been 
present  in  that  secretion  in  sufficient  quantity  to  yield  a  per- 
ceptible colour  with  the  reagents.  Moreau  draws  no  distinction 
between  the  action  of  a  concentrated  salt  and  a  dilute  salt,  and 
evidently  beUeves  that  the  action  of  a  20  per  cent  solution 
injected  directly  into  the  intestine  represents  what  happens  when 
it  is  given  by  the  mouth.  Even  apart  from  the  experiments  of 
Series  A.,  I  did  not  doubt  the  absorption  of  a  10  per  cent,  solu- 
tion, if  for  no  other  reason  than  that  so  little  of  the  injected  salt 
could  be  recovered  from  the  loop.  Where  a  20  per  cent,  solution 
was  injected,  the  salt  unrecovered  was  so  small  that  it  might 
readily  have  been  imbibed  by  the  tissues  of  the  intestine  without 
actually  passing  into  the  circulation,  so  that  I  had  reason  to 
doubt  its  absorption,  conceiving  that  the  mucous  membrane 
might  be  so  altered  by  the  strong  solution  as  to  be  incapable  of 
absorbing.  This  led  to  the  two  following  experiments  being 
devised.  They  happily,  at  the  same  time,  oflFer  a  complete  refu- 
tation of  Moreau's  prima  facie  unlikely  conclusions.  My  method 
chanced  to  be  similar  to  Moreau's;  but,  instead  of  the  ferro- 
cyanide, I  used  strychnia,  a  poison  which,  if  absorbed  by  the 
blood,  will  very  quickly  manifest  its  effects  without  its  being 
necessary  to  detect  it  chemically. 

Falck^  states  that  0*75  milligrm.  per  kilogrm.  of  the  animal's 
weight  is  the  smallest  lethal  dose  for  a  c^t.  I  injected  rather 
more  than  double  that  proportion  in  each  of  the  following 
experiments : — 

Experiment  L, — Cat,  male,  weighing  2  75  kilogrma.  Exposed  the 
small  intestine  and  injected  into  a  loop  of  it,  ligatured  as  usual,  10  c.c 
of  a  20  per  cent  solution  of  sulphate  of  soda.  The  intestine  was 
returned  within  the  abdomen,  and  the  edges  of  the  parietal  incision 

*  Falck,  Bossbach  u,  NotfmageVs  ArzneiniiUellehre,  1878,  S.  699. 


N 


THE  ACTION   OF  SALINE  CATHiVRTICS.  421 

held  tc^etber,  so  as  to  prevent  exposure  of  the  gnt  for  the  next  fifteen 
minutes,  when  it  was  again  withdrawn, — the  eolt,  meanwhile,  having 
had  sufficient  time  to  produce  its  action  on  the  mucous  membrane  of 
the  loop.  1  cc.  of  a  solution  of  strychnia,  containing  5*16  milligrms. 
of  the  alkaloid,  was  then  injected  into  the  centre  of  the  same  loop,  the 
cannula  of  the  syringe  being  first  directed  towards  one  extremity, 
and  afterwards  towards  the  other  extremity  of  the  loop,  so  as  to  ensure 
mixture  of  the  strychnia  with  the  salt  solution. 

In  twenty-one  minutes  after  the  injection  of  the  strychnia,  the  first 
symptoms  of  its  action  became  apparent  in  the  form  of  slight  twitch- 
ings  of  individual  muscles.  The  animal  was  released  from  the  holder 
immediately  after  the  completion  of  the  operation,  and  was  tolerably 
conscious  when  placed  on  the  floor,  so  that  the  anaesthetic  did  not 
retard  the  advent  of  the  toxic  symptoms.  In  nine  minutes  more  there 
were  well-marked  tetanic  spasms  of  the  whole  body,  throwing  it  into 
the  opisthotonic  position.  These  continued  with  very  short  remissions 
until  the  respiratory  muscles  became  involved  and  breathing  was 
arrested.  Three  minutes  later,  or  thirty-nine  minutes  after  the  injec- 
tion of  the  alkaloid,  the  heart's  action  ceased.  During  this  period  so 
much  of  the  strychnia  must  have  been  absorbed  as  was  necessazy  to 
cause  death.  According  to  Falck's  statement  of  the  lethal  dose,  this 
quantity  must  have  corresponded  to  about  one-half  of  what  was 
injected. 

Autopsy. — The  loop  was  52  cm.  long,  12  cm.  from  the  coecum, 

«  and  contained  36  cc.  of  a  yellowish-white  viscid  fluid.     Half  of  the 

fluid,  with  half  of  the  infusion  of  the  loop,  yielded  0*691  gramme  of 

^^SO4.10H2O,  and  therefore  from  the  whole  fluid  there  was  recovered 

1-382  grammes  out  of  2  grammes  injected. 

Although  the  fluid  was  not  well  suited  for  ascertaining  the  diastatic 
power  of  the  secretion  owing  to  the  intestine  not  having  been  pre- 
viously washed  out,  yet  5  cc.  of  it  were  mixed  with  lOOcc.  of  a  1  per 
cent,  solution  of  starch,  and  digested  in  an  oven«  Seven  hours  after- 
wards maltose  first  made  its  appearance.  For  the  sake  of  comparison 
52  cm.  of  the  uninjected  portion  of  the  small  intestine,  washed  and  cut 
.^  into  very  small  shiieds,  were  infused  in  36  cc  of  distilled  water.     After 

macerating  for  one  day,  5  cc  of  the  infusion  were  mixed  with  100  cc 
of  a  1  per  cent,  solution  of  starch.  Maltose  appeared  in  &om  five  to 
six  hours,  but  not  distinctly  until  near  the  end  of  the  eighth  hour. 
Both  the  secretion  and  the  infusion  were  without  action  on  cane-sugar. 
This  is  to  be  attributed  to  certain  conditions  which  I  hope  to  incor- 
porate in  another  paper.  It  is  interesting  to  have  observed  that  the 
diastatic  power  of  the  secreted  fluid  was  not  stronger  than  a  cor- 
responding infusion  of  a  fresh  portion  of  the  intestine 

The  mucous  membrane  of  the  injected  loop  was,  as  in  previous  ex- 
periments, perfectly  pale 

Experiment  LL — Cat,  male,  weighing  2*77  kilogrms — of  the  same 
sex,  and  nearly  of  the  same  weight  and  size  as  that  used  in  the  pre- 
ceding experiment.  The  operation  was  in  all  respects  the  same  as 
the  other  with  the  important  exception  that  20  cc.  of  a  10  per  cent. 
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solution  of  sulphate  of  soda  were  injected  instead  of  10  cc.  of  a  20 
per  cent,  solution — therefore,  the  same  amqunt  of  salt  but  more  con- 
centrated. Fifteen  minutes  later  the  same  quantity  of  the  strychnia 
solution  was  injected  as  in  the  last  experiment  Within  two  minutes 
some  slight  general  twitchings  of  the  muscles  were  observabla  In  six 
minutes  more  the  animal  gradually  assumed  the  opisthotonic  position, 
and  two  minutes  afterwards  there  was  a  severe  general  tetanic  spasm. 
The  spasm  was  renewed  within  a  minute,  and  continued  without 
relaxation  until  the  animal  died,  thirteen  minutes  and  a  half  after  the 
injection  of  the  strychnia.  • 

Autopsy. — In  the  injected  loop,  which  measured  66  cm.  in  length, 
and  was  situated  8  cm.  from  the  caecum,  were  26  c.c.  of  a  colourless 
limpid  fluid  mixed  with  a  small  quantity  of  shreddy  undigested  rem- 
nants of  food.  As  21  C.C  had  been  injected,  including  the  1  cc.  of 
the  strychnia  solution,  there  was  an  increase  of  5  cc,  which  is  to  be 
explained  by  the  amount  of  the  10  per  cent,  solution  to  the  length  of 
intestine  injected  exceeding  the  proportion  in  which  I  have  found  no  ^ 

increase  to  take  place.  ^ 

These  two  experiments  conclusively  prove,  if  such  proof  were 
necessary,  that,  in  opposition  to  the  statement  of  Moreau,  the 
small  intestine  retains  its  power  of  absorption  even  when  a 
20  per  cent  solution  of  a  purgative  salt  has  been  injected. 
They  ako  show,  what  previous  experiments  have  led  me  to  ^ 

believe,  that  the  absorptive  power  of  the  intestine  is  less 
injured  by  a  weak  solution  of  the  salt  than  by  a  strong  solution. 

It  were  possible,  as  I  have  hinted,  that  spme  viscid  or  other 
character  of  the  fluid  secreted  under  the  stimulus  of  the  con- 
centrated salt  might  in  part,  if  not  wholly,  account  for  the  slow 
absorption  of  the  secretion  and  its  consequent  accumulation  within 
the  intestine.  For  the  secretion  obtained  by  the  action  of  the 
concentrated  salt  was  always  more  viscid  than  when  the  diluted  ^ 

salt  was  employed;  and  a  layer  of  thick  tough  mucus  was 
generally  observed  lining  the  mucous  membrane  of  the  loop 
into  which  the  former  had  been  injected.  To  settle  this  point, 
yet  another  experiment  was  made,  in  which  a  20  per  cent, 
solution  of  the  salt  was  removed  from  the  intestine  after  it  had 
been  allowed  to  act  for  an  hour.  The  injected  loop  was  then 
carefoUy  washed  out,  and  a  portion  of  it  injected  with  a  fresh 
but  weak  saline  solution,  the  remainder  receiving  nothing.  For 
the  sake  of  comparison,  an  unused  part  of  the  intestine  was 
injected  with  the  same  weak  saline  solution.  The  result  gave 
further  confirmation  of  the  conclusion  to  which  the  previous 
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experiments  led,  that  the  absorptive  power  of  the  intestine  was 
lai^ely  impaired  by  the  action  of  the  concentrated  salt. 

Ikcperiment  LIT. — Cat,  female',  weighing  2'05  kilograms.  Small 
intestine  exposed,  and  64  cm.  measm^ed  off  and  ligatured,  and  washed 
out  with  a 'warm  f  per  cent  solution  of  chloride  of  sodium.  The 
openings  formed  for  the  purpose  of  washing  were  hgatured  off,  and 
the  loop  thus  prepared  was  divided  into  two  unequal  parts  by  another 
ligature,  the  one  part  being,  as  nearly  as  possible,  twice  the  length  of 
the  other.  Into  the  longer  were  injected  10  c.c.  of  a  20  per  cent 
solution  of  sulphate  of  soda,  but  nothing  into  the  shorter.  The 
intestine  was  returned  within  the  abdomen,  and  the  parietal  wound 
was  closed  with  a  clamp  for  au  hour,  during  which  the  animal  was 
kept  lightly  anaesthetised.  At  the  end  of  the  hour  the  intestine  was 
again  exposed,  and  the  ii\jected  loop  was  observed  to  be  weU  distended 
with  fluid,  which  was  now  removed  by  a  small  incision  in  one 
extremity  of  the  loop.     The  fluid  measured  26  cc,  and  was  clear, 

^  colourless,  and  distinctly  viscid,  becoming  much  more  viscid  after 

standing  for  an  hour  or  two ;  it  contained  a  large  amount  of  opaque, 
viscid,  flaky  material.  The  uninjected  portion  of  the  loop  was  per- 
fectly empty.  The  injected  loop  was  next  carefully  washed  out  with 
a  warm  1  per  cent  solution  of  sulphate  of  soda,  and  emptied,  and  the 
opening  was  ligatured  off,  and  the  loop  divided  into  two  equal  parts 
by  another  ligature.     There  were,  therefore,  altogether  three  loops  of 

^  nearly  equal  length  on  the  intestine.     Into  one  of  these  nothing  had 

been  as  yet  injected,  whilst  the  other  had  suffered  from  the  action  of 
a  20  per  cent  solution  of  sodic  sulphate.  Into  the  flrst  of  these,  and 
into  one  of  the  other  two,  were  now  injected  7^  cc  of  a  1  per  cent, 
solution  of  the  salt  The  third  was  not  interfered  with.  The  cat  was 
killed  one  hour  afterwarda 

Autopsy. — The  twice  injected  loop  contained  7*8  c.c.  of  a  colourless 
fluid,  mixed  with  some  white  viscid  flocculi,  and  was  alkaHne  in  reac- 
tion. The  other,  but  only  once,  injected  loop  contained  1  cc  of  a 
viscid   fluid.     The  third  loop,  forming  the  half  of  the  longer  loop 

.^  previously  injected  with  the  strong  solution  of  the  salt,  and  afterwards 

emptied,  contained  not  a  drop  of  fluid. 

From  this  experiment  we  learn  that  after  the  removal  of  a 
strong  solution  of  sulphate  of  soda  from  a  loop  into  which  an 
hour  previously  it  had  been  injected,  fluid  no  longer  accumulates 
within  the  loop.  But  if  a  very  weak  solution  of  the  salt  be 
injected  into  such  a  loop  it  will  not  disappear  as  it  does  from  a 
fresh  loop.  The  latter  fact  shows  that  the  absorptive  power  of 
the  mucous  membrane  has  been  impaired  by  the  action  of  the 
strong  solution  of  the  salt;  the  former  points  to  the  viscid 
absorption-hindering  character  of  the  secretion  excited  by  the 
salt  as  being  a  factor  in  the  increase  of  the  contents  of  the 
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loop.  For,  if  instead  of  a  weak  solution  of  the  salt,  had  the  fluid 
secreted  by  the  concentrated  salt  been  allowed  to  remain  in  the 
loop,  previous  experiments  teach  us  that  the  fluid  would  have 
continued  to  increase;  and  this  was  not  due  to  the  excessive 
excito-secretory  power  of  the  salt  present,  as  by  the  time  of  its 
removal  from  the  loop  it  was  so  diluted  (10  c.c.  to  26  c.c.)  that 
its  strength  was  even  less  than  10  per  cent,  a  strength  which 
we  know  in  the  proportion  injected  does  not  cause  accumulation 
of  fluid  within  the  loop  in  which  it  is  placed. 

A  careful  examination  was  made  of  the  digestive  properties  of 
the  26  C.C.  of  intestinal  fluid  obtained  at  the  end  of  the  first 
stage  of  the  last  experiment  This  was  the  more  exactly  done, 
as  at  the  time  I  was  making  a  number  of  experiments  to  ascer- 
tain the  comparative  digestive  powers  of  several  animal  fluids  ^ 
and  secretions,  in  order  to  have  some  idea  of  the  relative  import- 
ance of  the  digestive  power  of  the  intestinal  juice.  As  in  testing 
its  diastatic  activity  I  formerly  observed  within  what  time 
maltose  first  made  its  appearance  when  the  intestinal  fluid  was 
mixed  with  a  1  per  cent,  solution  of  starch,  I  adopted  the  same 
method  in  the  present  examination,  altering,  however,  the  pro-  ^ 
portion  of  the  fluid  to  the  starch  solution,  from  5  to  100  to  5  to 
10.  For  I  had  observed  that  the  greater  the  amoimt  of  the 
starch  solution,  and,  especially,  the  stronger  the  solution,  the 
later  appeared  the  maltose;  and  working  with  weak  diastatic 
fluids,  as  intestinal  juice,  if  the  starch  solution  were  strong 
enough,  say  5  to  10  per  cent,  maltose  never  appeared,  or  at  least 
was  not  detectable  by  means  of  Fehling's  solution.  This  may 
account  for  the  variety  of  opinion  existing  as  to  the  diastatic  ^ 
power  of  the  intestinal  juice.  6  c.c.  of  the  intestinal  secretion 
of  the  last  experiment  were,  therefore,  mixed  with  10  c.c.  of  a  1 
per  cent  solution  of  starch,  and  placed  in  a  digesting  oven. 
Within  half  an  hour  maltose  appeared,  and  by  the  end  of  five 
hours  the  mixture  ceased  to  colour  iodine  either  blue  or  red, 
showing  that  both  starch  and  erythrodextrin,  the  intermediate 
product  in  the  digestion  of  starch,  had  completely  disappeared. 

Other  5  c.c.  were  mixed  with  10  c.c.  of  a  1  per  cent,  solution 
of  cane-sugar.  In  one  hour  there  was  a  trace  of  invert-sugai-, 
which  after  some  hours  became  more,  but  never  very,  distinct. 

To  yet  other  5  c.c.  were  added  0*5  gramme  of  fresh  fibrin.     In 
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two  hours  there  was  no  perceptible  change.  Four  hours  later 
it  was  completely  disiutegrated,  and  for  the  most  part  dissolved. 
The  fluid  gave  a  very  feeble  peptone  reaction,  but  a  considerable 
deposit  with  the  albumen  precipitants,  so  that,  although  the 
fibrin  had  been  dissolved,  not  much  of  it  had  been  peptonised  or 
truly  digested.  The  alkali  of  the  intestinal  secretion  had,  no 
doubt,  dissolved  the  albumen,  forming  with  it  an  alkali-albumi- 
nate. 

The  digestive  action  of  the  secretion  on  fat  was  finally  tested. 
A  few  cubic  centimetres  of  it  were  shaken  up  with  a  few  drops 
of  acid-free  cod  liver  oil,  but  failed  to  emulsify  them.  Mixed, 
however,  with  slightly  rancid  or  acid  oil,  it  produced  some  degree 
of  emulsion.    This  was  evidently  dependent  on  the  alkalinity 

y  of  the  secretion  due,  probably,  to  the  presence  of  carbonate  of 

soda.  A  dilute  solution  of  this  salt  formed  a  well-marked 
emulsion  with  the  rancid,  but  none  with  the  pure,  oiL  A  fat- 
splitting  ferment  is  generally  believed  to  be  present  in  the  pan- 
creatic juice,  although  Boberts^  in  his  recent  Lumleian  lectures 
throws  a  doubt  on  its  existence.    And  since  the  intestinal  secre- 

«  tion  failed  to  produce  an  immediate  emulsification  of  fats,  I 

endeavoured  to  ascertain,  by  digesting  it  for  some  time  in  an 
oven  with  oil,  if  it  also  contained  this  peculiar  ferment.  For 
this  purpose  some  of  the  secretion  was  mixed  with  a  few  drops 
of  pure  acid-free  cod  liver  oil.  The  mixture  was  slightly  alka- 
line, and  did  not  form  an  emulsion  on  shaking.  After  three  hours 
the  mixture  was  almost  neutral,  and  formed  a  slight  but  distinct 
emulsion  on  shaking.    A  small  quantity  of  the  fatty  acids  had 

-jf  therefore  been  set  free,  which,  becoming  saponified  by  the  alkali 

of  the  secretion,  slightly  emulsified  the  oiL  If  more  of  the  fatty 
acids  had  been  disengaged  than  there  was  free  alkali  to  unite 
with,  then  the  addition  of  a  drop  or  two  of  the  carbonate  of  soda 
should  have  converted  them  into  soap  and  increased  the  degree 
of  the  emulsion.  Carbonate  of  soda,  although  added  to  a  portion 
of  the  mixture,  did  not,  however,  render  the  emulsion  more  dis- 
tinct Again  placed  in  the  digesting  oven,  and  examined  after 
other  three  hours,  the  mixture  on  being  well  agitated  did  not  show 
a  better  emulsion  than  previously ;  but,  although  neutral  litmus 
paper  was  not  visibly  reddened,  the  emulsion  became  much  more 

'  lloberts,  Digestive  FermenlSf  1880. 
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pronounced  on  the  addition  of  a  drop  of  a  solution  of  carbonate 
of  soda.  The  oil  had,  therefore,  been  partly  decomposed  by  the 
intestinal  fluid,  but  very  slowly.  The  method  I  have  employed 
for  detecting  the  presence  of  free  fatty  acids  by  adding  an  alkaline 
carbonate,  and  observing  the  degree  of  emulsion  produced  on 
shaking,  seems  to  me  a  much  simpler  and  more  efficient  method 
than  testing  the  acidity  of  the  fluid  as  is  commonly  done.  It  is 
extremely  difficult  to  obtain  evidence  of  an  acid  reaction  when 
there  is  only  a  trace  of  free  fatty  acids,  and  this  difficulty  has 
been  the  cause  of  many  contradictory  statements  as  to  the  fat- 
splitting  power  of  even  the  pancreatic  juice. 

I  have  throughout  this  series  of  experiments  regarded  the 
action  of  the  salt  as  purely  local,  and  not  appreciably  involving 
any  part  of  the  nervous  system  outside  of  the  intestinal  waU. 
Professor  H.  C.  Wood's  experiments,  of  which  I  have  already 
taken  notice  in  the  historical  part  of  this  paper,^  appear  to  indi* 
cate  that  section  of  the  vagi  is  capable  of  preventing  purgative 
action  by  inhibiting  secretion.  He  administered  arsenic  and 
croton  oil  to  several  cats  with  divided  vagi  without  inducing 
purgation,  but  it  is  not  stated  in  the  short  report  of  his  experi*  ^ 

ments,  which  I  have  had  the  opportunity  of  perusing,  whether 
he  examined  the  intestines  after  the  administration  of  the  purge, 
and  found  them  empty.  The  failure  of  these  substances  to 
purge  might  have  been  due  as  much  to  paralysed  or  even  irregular 
peristaltic  movements  as  to  inhibited  secretion.  To  decide 
whether  the  action  of  a  saline  purgative  was  similarly  afifected 
by  division  of  the  vagi  the  following  experiment  was  made : — 

Experiment  LIIL — Cat,  female,  weighing  2*25  kilogrms.     Cut  the  ^ 

vagi  in  the  neck,  carefully  avoiding  injury  of  the  aympathetics,  which 
in  the  cervical  part  of  their  course  are  closely  united  to  the  vagi.  Im- 
mediately afterwards  the  abdomen  was  opened,  and  10  c.c.  of  a  20  per 
cent,  solution  of  sulphate  of  soda  were  injected  into  a  collapsed  and 
empty  loop  of  the  small  intestine,  which  was  previously  ligatured. 
Killed  after  the  lapse  of  two  hours. 

Autopsy. — The  loop  measured  63  cm.  long,  and  contained  32  c.c. 
of  a  colourless,  slightly  opaque,  viscid  fluid,  with  the  usual  alkaline 
reaction. 

Division  of  the  vagi  had  not,  therefore,  in  this  experiment 
interfered  with  the  excito-secretory  power  of  a  strong  solution  of 

^  Supra,  p.  264. 
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a  saline  purgative.  In  how  far  it  might  have  affected  the  peris- 
talsis of  the  intestines,  the  experiment  fails  to  show.  But  the 
deduction  is  important,  that  the  salt  can  purge,  in  so  far  as  it 
excites  secretion,  independently  of  the  vagi,  and  that  Wood's 
experiments  do  not  prevent  me  from  endeavouring,  as  I  have 
done,  to  find  in  the  intestine  itself,  and  in  the  nature  of  the 
fluid  injected  and  secreted,  a  sufficient  explanation  of  the  pheno- 
mena hitherto  observed.  Moreover,  the  results  of  Wood's  experi- 
ments stand  in  contradiction  to  those  obtained  by  John  Beid,^ 
who  claimed  to  have  observed  that  arsenic  increased  the  intestinal 
secretion  in  animals  with  divided  vagi. 

With  this  experiment  I  conclude  Series  B.,  and  in  order  to 
admit  of  a  ready  comparison  of  the  results  of  the  various  experi- 
ments I  subjoin  them  in  a  tabular  form.  Cats  were  employed 
for  all  the  experiments,  with  the  exception  of  XXXIV.,  in  which 
a  rabbit  was  used. 

The  main  object  of  this  series  of  experiments  was  to  ascertain 
whether,  in  contradiction  to  the  theory  previously  expressed,  a 
purgative  salt  excites  a  flow  of  secretion  from  the  intestine.  A 
carefjul  conaideratioD  of  all  the  experiments  leads  but  to  one 
conclusion — ^that  a  purgative  salt  (sulphate  of  soda),  whatever 
be  its  amount,  or  its  strength  of  solution,  invariably  excites 
more  or  less  secretion;  and  that,  depending  on  the  relative 
activity  of  absorption  and  secretion  which  processes  proceed 
simultaneously  in  the  intestine,  the  bulk  of  the  injected  saline 
solution  incijeases,  diminishes,  or  remains  constant  in  amount. 

The  detailed  results  obtained  are  many  of  them  striking,  and 
I  briefly  recapitulate  them : — (1)  A  20  per  cent  solution  of  the 
salt  always  excites  a  profuse  secretion:  (2)  a  10  per  cent, 
solution  also  increases  in  bulk,  if  injected  in  sufficient  quantity ; 
(3)  but  if  in  limited  quantity  (10  c.c.  to  60  cm.  of  intestine)  it 
does  not  increase ;  (4)  whereas  a  20  per  cent,  solution,  containing 
the  same  quantity  of  the  salt,  and  injected  into  the  same  length  of 
intestine  increases  very  largely  in  volume :  (5)  nevertheless,  secre- 
tion is  active  in  (3),  as  ascertained  from  the  change  in  the  char- 
acters of  the  fluid,  but  is  balanced  by  absorption ;  (6)  and  while 
secretion  may  be  more  or  less  stimulated  in  (4),  absorption  is 
greatly  impeded  but  not  in  abeyance,  as  Moreau  would  have  us 

^  John  Reid,  Physvohg.  Anaiom.  and  Pathological  ResearcJies,  1848,  p.  241. 
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believe ;  for  the  injected  salt  has  diminished  in  quantity,  and 
strychnia  can  still  pass  from  the  loop  into  the  circulation : 
(7)  after  removal  of  the  secreted  fluid  in  (1)  or  (4),  no  more 
fluid  accumulates  within  the  loop ;  (8)  but,  although  there  is  no 
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*  Death  in  89  minutes  after  injection  of  strychnia  into  loop. 

*  Death  in  18^  minutes  after  injection  of  strychnia  into  loop. 

*  Vide  •protocol. 
»  Vagi  divided. 

further  accumulation  of  fluid,  the  relation  of  the  secretive  to 
the  absorptive  power  of  the  loop  is  altered,  the  latter  being 
weaker  than  the  former,  or  the  former  relatively  stronger  than 
the  latter,  as  compared  with  their  ratio  previous  to  the  injection 
of  the  salt :  (9)  the  local  effect  of   a  ligature  applied  to  the 
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intestine  is  to  excite  secretion  from  the  mucous  membrane  in  its 
immediate  vicinity,  and  therefore  add  to  the  bulk  of  the  saline 
solution ;  (10)  the  reflex  effect  of  a  ligature,  as  exercised  through 
the  nervous  system,  is,  on  the  contrary,  to  diminish  the  quantity 
of  the  secreted  fluid,  probably  by  stimulating  and  accelerating 
absorption  :  (11)  division  of  the  vagi  does  not  affect  the  quantity 
or  nature  of  the  secretion  :  (12)  all  parts  of  the  small  intestine 
yield  an  equal  amount  of  secretion  when  acted  upon  by  the 
salt ;  (13)  and  the  large  intestine  behaves  in  a  similar  manner 
towards  the  salt,  excepting  that,  partly  from  the  greater  viscosity 
of  its  secretion,  and  partly  fi'om  the  nature  of  its  mucous  mem- 
brane, absorption  proceeds  with  greater  slowness  than  in  the 
small  intestine :  (14)  the  secreted  fluid  does  not  contain  more 
than  a  trace  of  albumen,  and  not  more  than  is  present  in 
ordinary  saliva,  and  cannot,  therefore,  be  an  inflammatory 
exudation,  as  Vulpian  suggests :  (15)  on  the  other  hand,  it 
always  contains  much  mucin,  especially  when  obtained  by  the 
action  of  a  20  per  cent,  solution  of  the  salt:  (16)  the  fluid 
possesses,  although  in  small  degree,  all  the  digestive  properties  at- 
tributed by  most  physiologists  to  the  succus  entericus — converting 
starch  into  maltose,  inverting  cane-sugar,  splitting  up  fat,  and 
dissolving,  if  not  peptoni8ing,albumen :  (17)  the  mucous  membrane 
is  without  exception  pale,  rather  than  congested,  after  the  action 
of  the  salt — another  fact  opposing  Vulpian's  view:  (18)  and, 
finally,  no  increase  in  the  vigour  of  the  peristaltic  movements  of 
the  injected  loop  of  the  intestine  was  ever  visible. 

Some  of  these  results  are  of  purely  physiological  interest,  and 
help  but  little  to  solve  the  nature  of  the  action  of  a  dose  of  a 
saline  purgative  when  administered  in  the  usual  manner.  They, 
however,  serve  to  determine  the  value  of  a  method  which  has 
been  much  employed  in  recent  years  to  ascertain  the  action 
of  medicines  and  particularly  of  purgatives  on  the  intestines,  and, 
as  yet,  the  only  method  by  which  it  has  been  shown  that  a 
purgative  salt  excites  secretion  from  the  intestinal  wall  They 
indicate  how  comparatively  trivial  alterations  in  the  conditions 
of  the  method  may  greatly  affect  the  issue  of  the  experiment, 
and  they  will  thus  tend  to  render  more  accurate  and  trust- 
worthy the  work  of  succeeding  investigators.  Yet  this  method 
of  Colin  and  Moreau  is  open  to  serious  objection  on  account  of 
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the  necessarily  great  disturbance  of  the  abdominal  viscera 
occasioned  by  their  exposnre;  and  while,  as  I  have  already 
stated,  it  clearly  leads  to  the  conclusion  that  the  purgative 
salt  excites  secretion  within  the  intestine,  proof  must  still  be 
furnished  of  the  truth  of  this  occurrence  by  such  methods  as  will  be 
free  from  the  disturbance  of  an  abdominal  operation.  The  next  two 
series  of  experiments  supply  this  want;  and  until  these  have  been 
presented  no  attempt  will  be  made  to  explain  and  reconcile  the  op* 
posing  results  of  the  experiments  of  this  and  the  preceding  series. 

Series  of  Experiments,  C. 

The  effect  of  saline  purgatiou  on  the  concentration  of  the  blood. 

The  first  series  of  experiments  tended  to  show  that  the  salt  j 

when  administered  without  water,  or  with  insufficient  water,  was 
not  capable  of  purging ;  and  the  conclusion  naturally  was  that 
the  salt  did  not  excite  secretion,  or  draw  fluid  from  the  blood. 
But,  as  in  order  to  free  the  alimentary  canal  from  fluids  the 
animal  received  no  water  with  its  food  for  one  or  more  days 
previous  to  the  administration  of  the  salt^  it  was  possible  that  . 

in  addition  to  the  canal  being  freed  from  its  water,  the  blood  ^ 

had  become  considerably  concentrated  from  the  deprivation  of 
its  water-supply,  while  the  kidneys  continued  to  secrete  almost 
as  abundantly  as  usual.  The  concentration  of  the  blood  thus 
effected  might  have  resisted  the  abstraction  of  fluid  by  the  salt, 
and  have  constituted  the  principal  if  not  the  sole  cause  of  the 
absence  of  purgation  when  the  salt  was  administered  with  little 
or  no  water.    I  have  already  suggested  this  explanation,  and  I  ^• 

shall  offer  the  proof  of  its  probability  in  the  course  of  the 
following  experiments. 

One  other  fact  of  primary  importance  is  brought  out  by  these 
experiments.  Whatever  action  a  diluted  solution  of  the  salt 
may  have  in  exciting  intestinal  scretion,  the  strongest  evidence 
will  be  furnished  of  a  concentrated  solution  abstracting  a  large 
amount  of  fluid  from  the  blood. 

In  order  to  ascertain  the  degree  of  concentration  of  the  blood, 
the  number  of  corpuscles  in  a  given  quantity  of  it  was  from  time 
to  time  counted  according  to  the  method  introduced  by  Vierordt, 
and  afterwards  improved  by  Malassez  and  Hayem.    I  reckoned  an 
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increase  in  the  number  of  the  corpuscles  as  equivalent  to  a  loss 
of  serum,  and  a  diminution  as  indicating  dilution  of  the  blood. 

The  relation  of  the  number  of  the  blood-corpuscles  to  the 
quantity  of  the  serum  is  greatly  altered,  as  is  well  known,  in 
many  diseases,  notably  in  ansemia.  These  alterations  are 
believed  to  be  almost  entirely  due  to  the  diminution  or  increase 
of  the  total  number  of  the  blood-corpuscles  in  the  body,  the 
serum  undergoing  no  alteration  in  quantity.  There  are,  how- 
ever, physiological  variations  of  daily  occurrence,  which  are  to 
be  attributed  to  no  change  in  the  number  of  the  corpuscles, 
but  to  the  diminution  or  increase  of  the  liquor  sanguinis,  and 
are  mostly  the  effect  of  diet  and  digestion.  Thus,  after  a  meal, 
Sorensen,  Dup^ri^,  Buntzen,  and  others  have  shown  that  the 
blood  becomes  more  concentrated  from  a  large  part  of  its  water 
passing  out  in  the  alimentary  secretions — the  gastric,  pancreatic, 
and  intestinal  juices,  and  the  bile.  The  concentration  will  be 
less,  or  not  at  all,  discernible,  according  as  little  or  much  fluid 
is  taken  with  the  food ;  for  that  being  absorbed  will  take  the 
place  of  the  fluid  which  has  been  poured  out  in  the  secretions. 
When  the  food  after  digestion  begins  to  be  absorbed  and  pass 
into  the  circulation,  the  concentration  of  the  blood  is  relieved. 

If  the  food  can  by  its  withdrawal  of  water  from  the  blood 
make  this  ascertainable  through  the  relative  increase  of  the 
corpuscles  in  the  blood,  it  is  to  be  expected  that  a  purgative 
salt,  if  it  excites  secretion,  should  have  its  action  similarly 
registered  by  a  concentration  of  the  blood.  But,  as  when  much 
fluid  is  consumed  with  the  food,  no  concentration  of  the  blood 
occurs,  so  it  may  be  anticipated  that  only  a  strong  solution  of 
the  purgative  salt  will  thus  affect  the  blood,  a  weak  solution  per- 
mitting of  an  absorption  which  equals  in  amount  the  secretion. 

Gower's  modification  of  Hayem's  instrument  was  that  used  for 
measuring  and  diluting  the  blood  and  counting  the  corpuscles. 
Two  separate  enumerations  of  the  corpuscles  were  always  made, 
and  in  the  first  two  experiments  one  of  these  enumerations  was 
made  by  Dr.  Logan,  who  kindly  assisted  me,  and  the  other  by 
myself.  Ten  of  the  microscopic  square  areas  were  always  in- 
cluded in  each  counting. 

Experiment  LIV. — J.  W.,  male,  set.  33.  Partook  of  a  light  meal 
of  bread  and  milk  at  11  a.m.     At  3.5  p.m.  was  placed  in  bed,  and  at 
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3.25  P.M.  a  drop  of  blood  was  withdrawn  in  the  usual  manner  from 
the  thenar  eminence  of  the  right  hand.  Care  was  taken  that  the  skin 
of  the  hand  was  perfectly  clean  at  the  point  punctured  and  free  from 
moisture.  If  the  blood  did  not  come  freely,  it  was  never  pressed  out, 
as  bj  pressure  the  interstitial  fluid  of  the  tissues  was  apt  to  be  mixed 
with  the  blood  ;  and  if  without  pressure  not  more  than  a  single  drop 
oozed  out  it  was  rejected,  and  another  and  deeper  puncture  maile;  for, 
again,  was  there  a  chance  of  its  contamination  with  the  tissue-fluid  from 
its  slowly  appearing.  At  3.38  p.m.  a  eecoud  enumeration  of  the  blood- 
corpuades  was  made  for  the  purpose  of  controllii^  the  first,  and  two 
minutes  afterwards  a  purgative  dose  of  sulphate  of  soda  in  a  concen- 
trated form  was  administered.  The  blood  was  examined  several  times 
afterwards.  All  the  corpuscles,  both  red  and  white,  ^^■ere  counted,  and 
the  numbers  obtained  throughout  the  ojtperimont  were  as  follows  : — 

3.25  F.u. — 4,850,000  corpuscles  in  each  e.mm.  of  blood. 

3.38  P.M.— 5,020,000 

3.40  P.M. — Administered  21-3  grammes  (j  oz.)  of  sul- 
phate of  soda  dissolved  in  85  cc  (3  oz.)  of 
water,  or  about  a  20  per  cent  solution. 

4.15  P.M.— 6,540,000  corpuscles  in  each  cmm.  of  blood. 

4.55  P.M.— 6,790,000 

5.20  P.M.— 6,610,000 

6       P.M.— 6,710,000 

6.46  P.M.— 5,740,000 

7.40  P.M.— 4.930,000 

7.45  P.M. — Dinner. 

1       A.M.— 6,020,000 

Ko.oT 

MipiuciM  ExpiiRiMEKT  LIV.  (Man). 


Showins  llie  effect  of  the  ndministration  of  n  20  per  cent,  soliitinii  nf  snlplinti 
□f  soda  on  tho  concentration  of  the  bliKMl. 
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The  fiist  evacuation  of  Lis  bowels  occurred  at  6  a.ic.  on  the  follow- 
ing motning,  and  three  hours  afterwards  there  was  a  second  fluid 
dejectioiL 

These  numbers  show  that  very  shortly  after  the  administra- 
tion of  the  salt  the  blood  has  become  highly  concentrated,  the 
result  without  doubt  of  the  rapid  loss  of  fluid  which  it  has 
suffered  during  the  action  of  the  salt  in  the  alimentary  canal. 
The  degree  of  concentration  is  remarkable,  and  reveals  to  what 
extent  the  quantity  of  the  liquid  constituents  of  the  blood  may 
be  reduced  without  being  manifested  by  any  corresponding  out- 
wardly visible  symptoms.  If  the  enumerations  were  made 
correctly,  and  every  care  was  taken  to  ensure  that  they  were, 
and  if  the  numbers  of  the  corpuscles  truly  represent  to  what 
extent  the  blood  has  been  deprived  of  its  fluid,  it  can  be  readily 
calculated  that  the  total  quantity  of  the  blood  had  become 
reduced  at  4.55  p.m.  from  1  to  0*73 ;  and  supposing  the  man 
weighed  140  lbs.,  and  that  10  lbs.,  or  the  ^th  part  of  this  weight, 
were  blood,  then  2*7  lbs.  of  fluid  must  have  passed  into  the  ali- 
mentary canal 

But  what  is  almost  as  remarkable  is  the  rapidity  with  which 
the  blood  has  returned  to  its  normal  state  of  dilution.  This  it 
accomplishes  within  four  hours  after  the  administration  of  the 
salt,  and  without  any  fluid  haviug  been  taken  in  the  interval. 
We  cannot  believe  that  the  fluid  at  first  poured  out  by  the  blood 
into  the  alimentary  canal  was  afterwards  absorbed,  else  how  did 
purgation  occur  next  morning.  The  dilution  of  the  blood  is 
only  to  be  explained  by  the  concentrated  blood  abstracting 
water  from  the  tissues,  in  virtue  both  of  its  concentration  and 
of  its  endosmotic  power  having  become  increased  by  the  presence 
of  the  absorbed  sulphate  of  soda. 

Another  noteworthy  point  is  the  concentration  of  the  blood 
an  hour  after  midnight.  This  secondary  concentration  of  the 
blood  I  have  observed  in  all  my  experiments,  and  I  beUeve  it 
exists  during  the  greater  part  of  the  day  following  the  adminis- 
tration  of  the  salt,  and  long  after  the  salt  has  ceased  to  excite 
alimentary  secretion,  and  is  doubtless  to  be  attributed  to  the 
diuresis  created  by  the  absorbed  salt  in  the  process  of  its 
elimination  by  the  kidneys.  The  diuretic  effect  ought  certainly 
to  begin  so  soon  as  absorption  of  the  salt  occurs,  that  is,  almost 
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immediately  after  administration;  but  it  is  probable  that  the 
absorption  of  the  salt  proceeds  slowly,  and  its  full  diuretic 
action  is  not  observable  untQ  after  some  time.  Moreover,  after 
the  drain  upon  the  blood  by  the  salt  within  the  intestines  has 
has  been  arrested,  the  tissue-fluids  will  for  a  while  be  able  to 
balance  the  diuresis ;  but,  when  the  tissues  begin  to  yield  their 
fluid  more  slowly  from  their  comparative  exhaustion,  the  diuresis, 
proceeding  with  the  same  rapidity  as  previously,  will  lead  to  a 
concentration  of  the  blood.  The  quantity  of  urine  evacuated 
before  and  after  purgation  supports  this  view. 

Day  before  the  experiment,         .  .  1596  cc 

,         Day  of  the  experiment,       ....  1316    „ 

First  day  after  the  experiment,   .        .        .  2240    „ 

Second  day  after  the  experiment,  1120    „ 

The  next  experiment  was  made  a  few  days  afterwards  on  the 
same  individual.  On  this  occasion  a  dilute  solution  of  the  same 
quantity  of  the  salt  was  administered. 

Exprnnnimt  LV, — ^The  blood  was  taken  from  the  thenar  eminence 
of  the  right  hand  as  in  the  previous  experiment  At  11  a.m.  he  was 
supplied  with  a  light  diet  of  bread  and  milk,  and  at  3.20  p.m.  he  was 
placed  in  bed  and  the  experiment  commenced.  The  following  is  the 
i-ecoid  of  the  various  enumerations  of  the  blood  corpuscles  before  and 
after  the  administiation  of  the  purge. 

3.40  P.M. — 5,250,000  corpuscles  in  each  cmm.  of  blood. 

3.55  P.M. — Administered  21*3  grammes  (f  oz.)  of  sul- 
phate of  soda  dissolved  in  227  c.c.  (8  oz.) 
of  water,  followed  immediately  by  other 
227  cc.  (8  oz.)  of  water,  altogether  about 
a  5  per  cent,  solution. 

4.20  P.M. — 5,140,000  corpuscles  in  each  cmm.  of  blood.  '^ 

5.10  P.M.— 5,310,000        „  „ 

5.32  P.M.— 5,300,000        „  „  „ 

5.40  P.M. — iS»e  watery  purgation. 

6.22  P.M. — 5j235,000  corpuscles  in  each  cmm.  of  blood. 

Next  morning  and  before  breakfast : — 

9.30  A.M. — 5,830,000  corpuscles  in  each  cmm.  of  blood. 

The  dilute  solution  of  the  sulphate  of  soda,  unlike  the  concen- 
trated solution,  caused  no  immediate  concentration  of  the  blood ; 
but  here,  also,  as  with  the  other,  there  followed  a  remote  hsBmatic 
concentration,  which  was  naturally  to  be  expected  if  the  explana- 
tion I  have  already  given  of  this  concentration  be  correct^  an 
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explanation  supported  onoe  more  by  the    quantity  of   urine 
excreted. 

No.  (J  EXPEBIMEST  LV.  (Mull). 

Infe-min.  —  — -.■^v  •       ,    .i-VAA.'j'  ^^KVASi 


Sb  owing  the  effect  of  the  atlnunistnitioii  of  a  5  per  csnL  Bolattou  of  Bulphata  of 
aorta  on  the  concentntiou  of  die  blood.  PurgatiTe  wImmistetedBtjiipatga- 
tion  oecutTed  at  m. 

Day  before  the  expmment,         .        ,        .    1092  c-c 
Day  of  tiie  experiment,       ....      528    „ 
<The  urine  evacuated  at  5.40  P.H.,  when  pur- 
gation occuned,  is  not  included.) 
Day  after  the  experiment,  ....    1736    „ 
A  dilute  solution  of  the  salt  passes,  therefore,  through  the 
caual  without,  in  so  far  as  its  purgative  effect  is  concerned,  pro- 
ducing any  change  in  the  volume  of  the  blood.    The  remote 
concentration  of  the  blood,  due,  as  I  believe,  to  diuresis,  is,  how- 
ever, almost  as  evident  as  in  the  previous  experiment 

We  are  warranted  in  concluding  from  these  two  experiments, 
contrary  to  the  new  expressed  in  the  first  series  of  experiments, 
that,  at  any  rate,  a  concentrated  solution  of  a  saline  purgative 
excites  secretion  within  the  alimentary  canal  sufficient  to  pro- 
duce a  marked  diminution  of  the  volume  of  the  blood.  Thus, 
by  a  method  less  open  to  objection  than  that  employed  in  the 
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preceding  aeries  of  esperimeat,  we  have  arrlTed  for  the  concen- 
trated salt  at  the  same  result. 

The  two  succeeding  experiments  are  merely  a  repetition  on 
the  dog  of  those  I  had  made  on  maii,  as  I  deemed  it  desirable  to 
have  confirmation  of  the  interesting  results  obtained. 

££cperwnent  LVI. — Terrier  bitch,  weighing  6*12  kilogrms.  No 
food  on  day  of  experiment  The  outer  Burface  of  the  calf  of  the 
right  far»-leg  was  cleanly  shaved,  and  from  this,  by  puncturing  with  a 
slutrp  needle,  sufficient  blood  was  obtained  for  examination. 

3.20  p.  iL— 6,630,000  corpuscles  in  each  cmm.  of  blood. 
3.46  P.M. — Administered  12  grammes  of  sulphate  of  soda  made 
into  large  pills  willi  bread  and  a  few  drops  of 
mucilaga    This  quantity  disBolved  in  water  had 
been  found  sufficieut  a  week  previously  to  purge 
the  animal. 
i.l6  P.M.— 6,730,000  corpusles  in  each  c.mm.  of  blood. 
4.46  P.M.— 6,500,000 
6.45  P.H.— 6,380,000 
7.20  P.M.— 6,860,000 
8       P.M.— 5,680,000 
8.10  P.M. — Fed  as  usuaL 
Next  day,  and  before  receiving  food  :— 

10.45  A.H.— 6,320,000  corpuscles  in  each  cmm.  of  blood. 
5       P.M. — Fluid  evacuation  of  the  bowels. 

No.  of 

^tnim.  ExpKalMENT  LVI.   (Dog), 


.  HilutioD  of  sulphate 


THE  ACTION   OF  SALIHS  CATHARTICS.  437 

The  result  of  this  experiment  is  practically  the  same  as  that 
of  Experiment  LIV.,  except  that  the  concentration  of  the  blood 
is  quite  so  excessive. 

Experiment  LVII.  —SamB  dog  as  in  preceding  experiment,  bnt 
seTeial  days  afteiwatds.  So  food  on  day  of  experiment  Blood 
taken  from  the  same  part  of  the  body  aa  before. 

11.30  A. M.— 5,490,000  corpuaclea  in  each  c.mm.  of  blood. 
11.35  A.  H. — Administered  12  grommee  of  sulphate  of  soda 
dissolved  in  water  bo  as  to  form  a  5  per  cent. 
solution. 
12    noon. — 5,300,000  corpuscles  in  each  cmm.  of  blood. 
12.23  p.m.— 5,310,000 
1.10  p.M— 5,650,000 
-5,350,000 
-5,430,000 
P.M.— 6,720,000 
P.M.— 5,690,000 
—Fed  as  usual 
ffext  morning,  and  before  feeding : — 

10.15  A.M. — 6,110,000  corpuscles  in  each  c.mm.  of  blood. 
Purgation  took  place  during  the  night. 
No.  of 
n^.  Ekpbkimbnt  LVII.  (Dog). 

I.00I1,0>» 


Here,  again,  as  in  the  corresponding  experiment  on  man,  a 
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dilute  solution  of  the  purgative  does  not  produce  an  immediate 
concentration  of  the  blood,  but  does  so  after  many  hours. 

From  the  next  experiment,  which  concludes  the  present  series, 
we  leam  that  if  a  dog  be  allowed  no  water  for  two  days  the 
blood  will  become  concentrated;  and  if,  in  this  condition,  a 
concentrated  solution  of  a  purgative  salt  be  administered,  little 
or  no  further  concentration  of  the  blood  will  occur,  showing 
that  in  such  a  condition  the  blood  is  no  longer  capable  of  part- 
ing with  its  water  to  the  secretion  excited  by  the  salt,  or  parts 
with  it  in  a  quantity  insufficient  to  produce  purgation.  An 
explanation  is  thus  offered  of  the  results  obtained  from  my  first 
series  of  experiments. 

Experimeni  LVIIL — Same  dog  as  in  the  two  preceding  experi- 
ments.    Fed  for  tiro  days  on  stale  wheaten  bread ;  no  water.     No  ^ 
food  on  day  of  experiment     Blood  taken  from  the  same  part  of  the 
body  as  previously. 

Before  the  commencement  of  the  water-restricted  diet,  the  corpuscles 
in  one  a  mm.  of  blood  numbered  5,510,000.  On  the  third  day  of  the 
special  diet,  they  were  as  follows : — 

5.10  P.M. — 6,910,000  corpuscles  in  each  cmm.  of  blood. 

5.20  P.M.— 6,800,000        „  »  ^  ^ 

5.35  P.M. — Admimstered  12  grammes  of  sulphate  of  soda  made 

into  pills  with  bread  and  a  drop  or  two  of 
syrup. 

6.10  P.M. — 7,130,000  corpuscles  in  each  cmm.  of  blood. 

6.30  P.M.— 7,210,000        „  „  „ 

6.55  P.M.— 7,120,000        „  „  „ 

7.3    P.M. — Vomited  between  20  and  30  c.a  of  excessively 

tough,  glairy,  colourless  fluid,  a  small  portion 
being  slightly  tinged  with  blood.  It  was  so 
viscid  that,  after  standing  for  half  an  hour,  it  \ 

could  hardly  be  poured  out  of  the  vessel  in 
which  it  had  been  collected.  It  was  mixed 
with  a  large  quantity  of  undissolved  crystals  of 
the  sulphate.  The  reaction  was  acid,  but  not 
so  strongly  acid  as  the  gastric  juice  usually  is. 
Purgation  never  occurred,  although  water  was  given  to  the  dog 
immediately  after  it  vomited. 

The  blood,  notwithstanding  its  previous  concentration  from  a 
restricted  water-supply,  loses  a  small  portion  of  its  fluids,  pro- 
bably as  much  as  the  salt  has  required  for  its  solution  and 
absorption.  The  pill  form  in  which  the  salt  was  given  did  not, 
I  think,  delay  its  action,  as  the  pills  were  made  only  a  few 


THE  xanos  or  sauni  cATHximcs.  439 

miontee  betote  admiiiistifttaon,  and  were  very  fmble,  breaking 
dowa  with  the  gratlest  preuure. 

No.  of 
bHiura!  Expbeiheut  LVIII.  (Dog). 


B.«M,MID 


s.osft.oon 
a.on«,tKM 


Showing  the  effect  on  the  concentration  of  the  blood, — of  (1)  Bbatinence  from 
water,  and  (2)  the  adminiBtratloD  dnring  this  condition  of  a  purgative  doee 
of  anlphftte  of  soda  in  a  concentrated  form.  Purgative  admiDiatarsd  at  p; 
Tonitug  Doonrred  at  t. 

The  reBolt  of  this  experiment  explains  how,  in  the  first  series 
of  experiments,  purgation  failed  to  be  produced  by  the  adminis- 
tration of  a  concentrated  solution  of  a  saline  purgative  to  an 
animal  which  had  received  no  wat«r  for  two  days  previously. 
By  the  restriction  of  water  in  the  diet,  not  only  was  ^e  alimen- 
tary canal  emptied  of  its  fluids,  but  the  blood  was  also  greatly 
concentrated.  And,  notwithstanding  Experiment  XXIX^  where, 
indeed,  a.  little  purgation  did  occur,  I  am  strongly  inclined  to 
think  that  the  conceutratian  of  the  blood  was  a  much  more 
powerful  factor  in  the  prevention  of  putgation  than  the  absence 
of  fluid  in  the  alimentary  canaL  A  single  night's  fasting  is 
suEKcient  to  deprive  the  canal  of  fluid,  as  I  have  ascertained 
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whilst  making  the  experiments  of  the  succeeding  series;  and 
after  so  short  an  abstention  from  water,  I  have  never  found  that 
cats  were  to  any  extent  less  powerfully  purged  by  a  concentrated 
solution  of  the  salt  than  by  a  dilute  solution,  although  it  has 
been  proved  in  Series  A.  that  the  former  failed  to  act  when 
water  was  withheld  from  the  animal  for  two  days  or  more. 
This  implies,  indeed,  tl^at  the  method  employed  in  Series  A  is 
not  satisfactory,  but  it  still  leaves  us  the  very  interesting 
fact,  that  when  the  blood  becomes  concentrated  it  no  longer 
yields  secretion  to  the  stimulus  of  a  saline  purgative  applied 
to  the  mucous  membrane  of  the  alimentary  canal  It  would 
appear  to  be  otherwise  when  the  secretion  is  the  result  of  in- 
flammatory irritation,  if  the  result  of  the  experiment  with  croton 
oil  (Experiment  XXX.)  can  be  proved  to  be  constant. 

In  justice  to  M.  Bronardel,  I  ought  to  mention  that  he  has  pre- 
ceded me  in  the  study  of  the  action  of  cathartics  on  the  concentra- 
tion of  the  blood,  although  I  was  not  aware  of  the  existence  of  his 
paper  {U  Union  Medicale,  'No.  110,  t  xxii)  when  I  made  the  above 
experiments.  The  conditions  of  his  experiments  are,  however,  so  lax, 
that  the  absence  of  any  account  of  them  in  physiological  and  pharma- 
cological text-books  is  readily  understood.  His  investigiition  was 
conducted  on  patients  in  the  hospital  of  St.  Antoine.  The  purgatives 
employed  were  castor  oil,  croton  oil,  jalap,  and  in  one  instance  a 
saline  solution  (Eau  de  Sddlitz),  and  the  degree  of  concentration  of  the 
purgative  was  not  attended  to.  The  blood  was  examined  some  time 
in  the  afternoon,  and  apparently  without  regard  to  the  effect  of  ordi- 
nary meals  on  its  concentration.  The  purgative  was  shortly  afterwards 
administered,  and  the  blood  was  not  again  examined  untU  some  time 
on  the  following  day,  so  that  the  concentration  he  observed  was  that 
which  I  have  pointed  out  as  secondary  and  not  immediately  dependent 
on  the  cathartic  action  of  the  salt  Moreover,  in  nearly  every  case, 
eight  altogether,  his  patients  were  suffering  from  diseases  which  might 
of  themselves  have  seriously  affected  the  condition  of  the  blood  when 
under  the  influence  of  purgatives — ^heart  disease  and  anasarca  in  two 
cases,  prolonged  constipation  (eight  days,  &c.),  in  four  others.  He 
adds,  in  opposition  to  Ch.  Bobin,^  that  purgatives  diminish  instead 
of  notably  augmenting  the  number  of  the  white  corpuscles  in  the 
blood. 

*  Ch.  Robin,  Lr^ons  s\Lr  Us  humeurs  normales  et  morhides,  Paris,  1867,  p.  52. 

(To  he  continued.) 
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ABNOEMAL  OEIGIN  AND  DISTEIBUTION  OF  THE 
UPPEE  SEVEN  EIGHT  INTEECOSTAL  AETEEIES, 
WITH  EEMAEKS.  By  W.  J.  Walsham,  F.E.C.S., 
Assistant  Surgeon  to,  and  late  Demonstrator  of  Anatomy  at 
St.  Bartholomews  Hospital;  Examiner  in  Anaiomy  in  the 
University  of  Alerdeen^ 

The  right  superior  intercostal  arteiy  arose  from  the  first  portion 
of  the  subclavian  opposite  the  vertebral,  and  after  giving  off  the 
deep  cervical  branch  in  the  normal  manner,  crossed  in  front  of 
the  neck  of  the  first  rib  external  to  the  inferior  cervical  ganglion 
of  the  sympathetic  into  the  first  intercostal  space  as  usual. 
Thence  turning  backwards  between  the  necks  of  the  first  and 
second  ribs  it  passed  downwards  between  the  neck  of  the  second 
rib  and  the  transverse  process  of  the  second  dorsal  vertebra, 
piercing  the  middle  costo-transverse  ligament  Continuing  its 
course  across  the  second  intercostal  space,  it  passed  in  like 
manner  between  the  neck  of  the  third  rib  and  the  transverse 
process  of  the  third  dorsal  vertebra ;  and  then  turning  forwards 
between  the  necks  of  the  third  and  fourth  ribs,  anastomosed  in 
the  third  intercostal  space  with  a  large  branch  given  off  from 
the  thoracic  aorta  opposite  the  seventh  dorsal  vertebra.  At  the 
spot  where  these  vessels  anastomosed  the  artery  to  the  third 
intercostal  space  took  its  origin.  The  branches  from  the 
superior  intercostal  in  the  above  course  were  as  follows : — 

1st,  As  it  crossed  the  first  intercostal  space  it  gave  off  (a)  a 
branch  from  its  outer  side,  which  was  distributed  as  the  first  inter- 
costal in  the  normal  manner ;  (6)  a  branch  from  its  inner  side, 
which  ran  through  the  intervertebral  foramen  along  the  course  of 
the  spinal  nerve  into  the  spinal  canal ;  {c)  a  branch  from  behind 
which  proceeded  through  the  quadrate  foramen  in  the  usual 
manner  to  the  muscles  of  the  back ;  (d)  a  small  branch  from  the 
front  at  the  spot  where  it  dipped  behind  the  neck  of  the  second 
rib ;  this  branch  anastomosed  with  a  similar  branch  given  off 
from  the  superior  intercostal  artery  in  the  second  intercostal 
space,  immediately  below  the  second  rib,  and  formed  with  it  an 
anastomoic  loop  around  the  front  of  the  head  of  the  rib,  from 
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which  loop  very  small  arterioles  were  distributed  to  the  bodies 
of  the  vertebrae,  the  intervertebral  substance,  and  the  anterior 
common  ligament 

2nd,  Ae  the  superior  intercostal  artery  crossed  the  second 
intercostal  space  it  gave  off  branches  similar  to  those  given  off 
by  it  in  the  first  space ;  and  an  anastomotic  loop  was  formed 
over  the  front  of  the  head  of  the  third  rib,  in  all  respects  like 
_  that  fonned  over  the  head  of  the 

second  rib,  and  from  this  loop 
branches  were  distribated  in  the 
same  manner  as  those  from  the  first 
loop.  One  of  these  branches,  slightly 
larger  than  the  rest,  anastomosed 
with  a  small  twig  from  the  back  of 
the  thoracic  aorta.  This  twig  occu- 
pied the  usual  position  of  the  fiiat 
aortic  intercostal,  and  also  supplied 
branches  to  the  vertebrae  and  to  the 
structures  in  the  posterior  medias- 
tinum. 

The  large  branch  with  which  the 

superior  interooetal  anastomosed  in 

the  third  space  was  derived  from  the 

aorta  opposite  the  seventh  dorsal 

vertebra.    It  first  ran  outwards  and 

slightly  upwards,  and  then  turning 

more  directly  upwards,  ran  across 

the  bodies  of  the  seventh    sixth, 

and  fifth  vertebnc,  and  the  heads 

of  the  fifth  and  fourth  ribs  to  the 

third  space  to  join  the  superior  inter- 

Dran-n  from  nature  by  W.  J.         costal.      In   this  COUrBC  it  supplied 

branches    which    were  distributed 

normally  to  the  seventh,  sixth,  fifth  and  fourth  intercostal  spaces. 

From  its  inner  side  three  very  delicate  arterioles  anastomosed 

with  similar  fine  vessels  derived  from  the  aorta. 

The  superior  intercostal  arteiy  has  been  observed  passing 
behind  the  necks  of  the  second  and  third  ribs ;  but  such  a 
course  must  be  rare,  as  this  is  the  first   instance  that  has 
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oooiined  during  my  eight  years'  oonneotion  with  the  dissecting 
room  of  St  Bartholomew's  HospitaL  Two  or  more  intercostal 
vessels  have  also  been  observed  arising  from  a  single  trunk. 
But  I  am  not  aware  that  the  combination  of  abnormalities  of 
the  intercostal  arteries  above  described  has  been  previously 
recorded. 

The  passing  of  the  superior  intercostal  artery  between  the 
neck  of  the  rib  and  the  transverse  process  of  the  vertebra  is  of 
considerable  interest.  The  artery  would  here  appear  to  be 
homol(>gous  to  the  vertebral  artery  in  the  neck,  as  both  lie 
between  homologous  parts, — the  anterior  part  of  the  transverse 
process  of  the  cervical  vertebra  being  the  homologue  of  the  neck 
and  head  of  the  dorsal  rib,  and  the  posterior  part  of  the  cervical 
transverse  process  that  of  the  transverse  process  of  the  dorsal 
vertebra.  The  abnormal  artery,  moreover,  like  the  vertebral,  lay 
in  front  of  the  spinal  nerves.  A  comparison  may  also  be  made 
between  the  distribution  of  the  branches  of  the  abnormal  inter- 
costal and  those  of  the  vertebraL  Both  send  spinal  branches 
through  the  intervertebral  foramina  to  supply  the  spinal  cord 
and  membranes.  Both  supply  the  muscles  of  the  back  in  their 
respective  regions.  Both  give  off  external  lateral  branches — the 
intercostal  to  the  intercostal  muscles — the  vertebral  to  the 
scalene  (which  may  be  regarded  as  the  homologues  of  the  inter- 
costals  in  the  neck).  Both  give  off  small  twigs  to  form  an 
anastomotic  loop, — ^in  front  of  the  neck  of  the  rib  in  the  one 
situation,  and  in  front  of  the  homologous  part, — the  anterior 
transverse  process — ^in  the  other  situation. 

Normally  in  a  well  injected  subject  ^  a  small  twig  from  each 
intercostal  can  be  traced  running  between  the  neck  of  the  rib 
and  the  transverse  process  of  the  corresponding  vertebra  where 
it  anastomoses  with  a  similar  twig  given  off  from  the  intercostal 
artery  next,  below.^  In  the  first  and  second  spaces  similar 
anastomosing  twigs  are  given  off  from  the  superior  intercoetaL 

The  abnormality  as  regards  the  superior  intercostal,  then 

^  Better  demonstrated  in  a  f  oetna. 

'  No  account  of  theie  anastomoeee,  as  far  as  I  know,  is  given  in  the  works  on 
anatomy,  bat  my  friend  and  former  pupU,  Mr.  S.  P.  Pnien,  the  present  Senior 
Assistant  Demonstrator  of  Anatomy  at  the  Newcastle  School  of  Medicine,  who 
has  intestigated  the  point  for  me  in  a  number  of  cases,  has  invariably  fonnd  them 
to  be  present 
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would  appear  to  depend  upon  an  enlargement  of  the  normal 
anastomotic  loop  which  runs  between  the  transverse  process  and 
the  neck  of  the  rib,  and  upon  the  shrinking  of  that  portion  of 
the  vessel  which  ordinarily  courses  in  front  of  the  neck  of 
the  rib.  The  delicate  loop  in  front  of  the  neck  of  the  rib  would 
then  represent  the  shrunken  portion  of  the  normal  artery.  The 
laige  branch  given  off  from  the  aorta  and  anastomosing  with  the 
superior  intercostal  in  the  third  space  would  in  the  same  way 
appear  to  be  due  to  an  enlargement  of  the  normal  anastomosing 
branches  which  exist  between  the  several  intercostal  vessels ; 
whilst  the  delicate  arterioles  joining  the  abnormal  vessel  to  the 
aorta  may  be  regarded  as  the  shrunken  remains  of  the  normal 
intercostals. 

The  somewhat  similar  abnormalities  of  the  superior  inter- 
costal and  vertebral  arteries  which  have  been  observed  may  be 
explained  in  like  manner.  Thus,  in  that  instance  where  the 
superior  intercostal  artery  is  given  off  from  the  vertebral,  and 
passes  through  the  foramen  in  the  transverse  process  of  the 
seventh  cervical  vertebra,  and  between  the  neck  of  the  first  rib 
and  the  transverse  process  of  the  first  dorsal  vertebra  into  the 
first  intercostal  space,  to  anastomose  with  the  first  aortic  inter- 
costal, the  abnormality  would  seem  to  depend  upon  the 
enlargement  of  the  normal  anastomotic  branch  which  passes 
between  the  vertebral  and  the  deep  cervical  branch  of  the  first 
intercostal.  Again,  in  the  instance  in  which  the  vertebral 
enters  a  higher  or  a  lower  foramen  in  the  transverse  process  than 
usual,  a  small  branch  in  the  position  of  the  vertebral — clearly 
its  shrunken  remains — can  always  be  found  if  carefully  sought 
for ;  whilst  in  the  normal  condition  small  anastomotic  loops  are 
always  present  in  front  of  the  transverse  processes. 

In  the  lumbar  and  sacral  regions  ^  an  anastomosis  between 
the  lumbar  arteries  and  between  the  lateral  and  middle  sacral, 
resembling  that  in  the  dorsal  and  cervical,  likewise  normally 
exists.    Thus  along  the  whole  length  of  the  spine  a  double  and 

'  In  tlie  dorsal  region  there  is  not  only  a  small  anastomotic  loop  passing 
between  the  neck  of  the  rib  and  the  transverse  process  of  the  vertebra,  bat  also 
one  passing  behind  the  transverse  process.  The  arrangement  in  the  Inmbar  and 
sacral  regions  I  have  not  yet  clearly  determined.  But  of  these  anastomoses, 
which  for  some  time  I  have  been  working  at  in  conjunctipn  with  Mr.  Pnien,  I 
hope  at  some  future  date  to  publish  a  fuU  account. 
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perhaps  treble  series  of  anastomosing  vessels  may  be  said  to 
occur.  And  I  believe  most  of  the  abnormalities  that  have  been 
observed  in  the  vertebral,  intercostal,  and  probably  in  the 
lambar  and  sacral  arteries,  may  be  explained  on  the  supposition 
of  the  enlargement,  or  complete  or  partial  suppression  of  one 
or  more  of  these  anastomosing  vessels,  which  I  venture  to  call 
the  lateral  spinal. 


Description  of  Figure. 

A.  Aorta. 

B.  Abuormal  superior  intercostal  artery. 

C.  Abnormal  branch  from  aorta. 


ON  THE  DIGESTION  OF  BLOOD  BY  THE  COMMON 
LEECH,  AND  ON  THE  FOEMATION  OF  HAEMO- 
GLOBIN CRYSTALS.  By  Wiluam  Stieuno,  M.D.,  ScD., 
Professor  of  the  Institutes  of  Medicine,  and  Phiup  S.  Bbito, 
Student  of  Medicine  in  the  University  of  Aberdeen.  (Plate 
XII.). 

Part  I. — Digestion  of  the  Blood  of  Frog,  Newt,  Man. 

The  present  research  was  undertaken  with  a  view  to  ascertain 
the  changes  which  blood  and  blood  corpuscles  undergo  within 
the  alimentary  canal  of  the  common  leech  {ffirttdo  officinalis). 
In  carrying  out  this  object  we  were  forced  to  undertake  certain 
experiments  to  ascertain  what  effects  are  produced  upon  blood 
corpuscles  of  various  animals  by  the  addition  of  various  re- 
agents. 

It  is  extremely  difficult  to  obtain  leeches  whose  alimentary 
canal  does  not  contain  blood,  or  the  products  of  the  digestion  of 
the  blood ;  and  therefore  it  is  necessary  to  keep  the  leeches  with 
which  one  experiments  for  a  considerable  time-several  months 
—before  allowing  them  to  suck.  In  carrying  out  these  experi- 
ments, we  have  used  animals  whose  blood  corpuscles  are  easily 
recognisable,  such  as  the  frog  and  newt ;  but  we  have  also  made 
some  observations.witb  human  blood. 

Blood  of  the  Ebog. 

On  November  20, 1880,  we  placed  two  leeches  in  water  in  a 
bottle  along  with  a  pithed  frog.  The  leeches  very  soon 
fastened  upon  their  victim ;  and,  notwithstanding  the  vigorous 
reflex  movements  of  the  frog,  they  retained  their  hold.  They 
fixed  their  suckers  usually,  but  not  invariably,  to  the  skin  of 
the  armpit.  They  usually  adhered  firmly  for  a  day  or  more ; 
and  when  they  were  removed — from  comparing  their  weight 
before  and  after  sucking — we  found  that  each  leech  had  in- 
creased about  a  gramme  in  weight  The  leeches  were  carefully 
removed  and  kept  in  water,  and  from  time  to  time  a  drop  of 
blood  was  expressed  tvom  the  mouth  and  subjected  to  careful 
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microscopic  examinatioiL  At  other  times  we  resorted  to 
chemical  and  electrical  stimulation  to  cause  our  leeches  to 
disgorge  their  blood. 

Microscopic  examination  of  the  blood  on  the  second  and 
fawrth  days  showed  that  the  blood  corpuscles  had  not  under- 
gone any  marked  or  very  obvious  change.  On  the  fourteenth 
day  we  obtained  two  samples  of  blood;  one  was  expressed 
forcibly,  while  the  other  was  obtained  by  applying  an  8  per  cent, 
solution  of  common  salt  to  the  leech,  care  being  taken  that  the 
reagent  was  not  allowed  to  mingle  with  the  blood.  The  blood 
was  of  a  very  deep  dark-red  colour,  of  jelly-like  consistence,  and 
was  very  stringy,  probably  from  the  admixture  of  mucus,  which 
we  found  abundantly  in  all  the  specimens  of  blood  which  we 
examined.  The  dark,  almost  deep  port  wine  colour  of  the  blood 
was  due  to  the  reduction  of  the  oxyhcemoglobin  to  the  condition 
of  reduced  haemoglobin,  as  shown  by  micro-spectroscopic  investi* 
gation. 

Innumerable  colewred  blood  corpuscles  filled  the  field  of  the 
microscope,  and  many  of  them  were  unchanged  in  their  shape, 
while  others  had  lost  their  oval  outline,  and  become  globular 
or  somewhat  irregular  in  their  shape.  The  nuclei  were  appa- 
rently smaller  and  more  globular.  In  some  of  the  corpuscles 
the  peri-nuclear  part  had  become  paler,  so  that  the  outline  of 
these  corpuscles  was  less  obvious,  while  the  fluid  in  which  the 
corpuscles  floated  had  a  yellowish  tinge  from  the  admixture  of 
haemoglobin.  The  colourless  corpuscles  stood  out  brightly  and 
highly  refractive  as  usual,  and  they  did  not  seem  to  have  under- 
gone any  change  except  that  their  elasticity  seemed  to  be 
diminished  somewhat. 

Numerous  crystals  were  also  to  be  seen.  These  crystals  were 
colourless,  highly  refractive,  acicular,  and  pointed  at  one  ex- 
tremity like  the  point  of  a  pen.  They  were  variable  in  size 
and  length,  and  were  scattered  irregularly  over  the  field  of  the 
microscope. 

A  month  afterwards  the  coloured  and  colourless  corpuscles 
were  found  in  much  the  same  condition  as  described  above ;  but 
the  crystals  were  more  numerous,  still  uncoloured,  and  arranged, 
some  singly,  while  others  were  grouped  into  sheaves,  several 
crystals  radiating  from  a  single  point ;  while,  again,  the  larger 
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crystals  had  a  number  of  spialler  ones  springing  from  the  two 
sides  at  one  end,  like  a  quill  for  writing.  The  various  forms 
assumed  by  these  crystals  are  shown  in  Plate  XII.  fig.  3. 

In  almost  all  the  samples  of  blood  we  examined  we  found 
striped  muscular  fibres  still  undigested.  These  fibres  had  been 
cut  out  of  the  frog  by  the  leech  with  its  triradiate  teeth. 

Similar  experiments  were  made  with  other  leeches^  and  the 
digested  blood  was  withdraw  from  them  from  time  to  time, 
Thus  a  leech  was  allowed  to  suck  a  frog  on  November  16, 1881 
and  the  blood  was  examined  on  February  22, 1882 ;  ije,y  ninety- 
eight  days  afterwards. 

The  blood  expressed  or  vomited  was  thick  and  very  dark  red. 
On  examination  numerous  globular  nuclei,  somewhat  less  in  size 
than  the  nuclei  of  the  coloured  corpuscles,  were  seen.  These 
were  very  probably  the  nuclei  of  the  coloured  corpuscles,  which 
by  this  time  had  been  so  acted  upon  by  the  digestive  juices  as 
to  have  all  their  haemoglobin,  and  perhaps  some  of  their  other 
constituents,  extracted  from  them.  In  some  cases  the  nuclei  had 
around  them  the  vestiges  of  the  stroma  of  the  corpuscles ;  for  in 
a  similar  preparation,  on  adding  water,  a  faint  outline  could  be 
seen  considerably  outside  and  beyond  the  nuclei.  This  seemed 
to  be  due  to  the  swelling  up  of  the  residue  of  the  corpuscular 
stroma  under  the  influence  of  the  water. 

Nuclei  have  a  great  power  of  resisting  the  action  of  various 
reagents  and  even  digestive  fluids,  as  one  of  us,^  Kuhne,  and 
others  have  shown,  in  connection  with  the  nuclei  of  the  cells  of 
connective  tissue,  nerves,  &c.  A  similar  condition  seems  to 
obtain  in  connection  with  nuclei  of  blood,  in  resisting  for  months 
the  action  of  the  digestive  fluids  of  the  leech. 

Some  colourless  corpuscles  were  still  to  be  seen,  and  they  seem 
to  be  even  more  resistant  to  the  digestive  action  than  the 
coloured  ones.  Numerous  acicular  colourless  ciystals  were 
obvious,  and  their  characters  were  exactly  the  same  as  when 
they  were  examined  at  an  earlier  date. 

The  serum  or  fluid  in  which  the  corpuscles  were  suspended 
was  yellowish  in  colour,  which  was  due  to  the  hsemoglobin  which 
had  passed  out  of  the  corpuscles,  thus  colouring  the  fluid. 

The  crystals  are  readily  tinged  with  a  watery  solution  of 

'  W.  Stirling,  Journal  of  Anal,  and  Phya.  vol.  x. 
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magenta,  fuchsin,  malacliite  green,  iodine  green,  and  methyl 
aniline ;  but  we  do  not  find  that  picro-carmine  diffuses  into  them 
SO  as  to  stain  them.  They  do  not  dissolve  on  the  addition  of 
water,  but  speedily  disappear  when  dilute  acetic  acid  is  added. 

The  leech  in  sucking  had  detached  a  few  muscular  fibres  from 
the  muscles  of  its  prey ;  and  even  after  ninety-eight  days  these 
microscopic  morsels  of  muscular  fibres  were  still  found  striated 
and  apparently  unaltered.  The  haemaglobin  in  solution  had  not 
even  diffused  into  them. 

The  blood  when  vomited  was  not  only  very  dark  in  colour, 
but  it  was  semi-fluid.  We  kept  some  of  it  for  twenty  days,  but 
it  showed  no  tendency  to  coagulate  or  even  to  putrefy.  About 
the  twenty-fifth  day  a  slight  odour  of  putrefaction  was  observable, 
but  even  then  the  crystals  remained  unaffected.  A  sufficiently 
thick  stratum  invariably  gave  the  spectrum  of  reduced  haemo- 
globin. 

The  process  of  digestion  of  blood  in  the  leech,  therefore,  is  an 
extremely  slow  one,  as  many  of  the  corpuscles  of  the  frog  were 
unaltered  after  a  month's  sojourn  in  the  intestinal  canal  of  the 
leech ;  while  even  after  three  months  some  coloured  corpuscles 
and  the  nuclei  of  other  coloured  corpuscles,  and  many  of  the 
colourless  ones,  were  found  still  undissolved.  Our  observations 
on  leeches  do  not  enable  us  as  yet  to  speak  authoritatively  as  to 
what  ultimately  becomes  of  the  nuclei  and  the  dissolved  out 
haemoglobin.  We  have,  however,  examined  the  excreta  of  the 
leech,  which  is  relatively  small  in  amount,  but  we  have  never 
seen  any  trace  of  a  coloured  blood  corpuscle,  or  even  a  nucleus 
of  one,  whilst  invariably  smaU  yellowish  semi-crystalline 
masses  of  pigment  are  to  be  found ;  and  when  these  masses  are 
larger  they  are  brownish  or  even  black  in  tint,  but  what  their 
exact  nature  is  we  have  not  yet  determined.  They  seem  to  be 
derived  from  the  hsemoglobin,  but  as  yet  we  have  not  succeeded  ^ 
in  tracing  all  the  intermediate  stages  which  lead  up  to  these 
crystals.  It  is  clear,  however,  that  after  a  period  of  more  than 
three  months  the  haemoglobin  is  altered,  and  the  nuclei  dis- 
appear. The  leech  casts  its  cuticular  epithelium  in  the  form  of 
a  slough  very  often,  and  one  must  be  careful  not  to  confound  it 
with  the  true  intestinal  excretion. 

Our  researches  were  specially  directed  to  the  investigation  of 
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the  crystals  which  made  their  appearance  in  the  blood  of  the 
frog ;  and  in  order  to  ascertain  how  they  arose,  we  mixed  five  or 
six  drops  of  frog's  blood,  freshly  drawn  from  the  heart,  with  one 
or  two  drops  of  distilled  water,  and  sealed  up  the  preparation 
very  carefully  with  gold  size.  Exposure  to  the  air  favours  the 
formation  of  the  crystals,  and  they  form  first  around  and  in  the 
neighbourhood  of  any  coagula  present.  After  several  days, 
crystals  similar  to  those  found  in  blood  obtained  from  the 
intestinal  canal  of  the  leech  were  found  in  the  preparation ;  at 
first  they  were  small  and  not  very  numerous,  but  after  the  slide 
had  been  put  aside  for  two  or  more  weeks  the  crystals  became 
much  larger,  more  numerous,  and  were  arranged  with  smaller 
ones  on  one  end,  and  they  were  exactly  the  same  in  every  respect  as 
those  formed  in  the  blood  which  had  been  swallowed  by  the  leech. 
These  crystals  are  always  colourless,  and  can  readily  be  produced  < 

by  the  means  we  have  described.  On  referring  to  the  literature  of 
this  subject,  more  especially  to  Preyer*s  work,^  we  find  that 
Teichmann*  obtained  colourless  crystals  from  frog's  blood  by 
mixing  defibrinated  blood  with  a  large  quantity  of  water,  and 
allowing  a  drop  to  evaporate  at  a  low  temperature.  As  the 
crystals  he  obtained  were  colourless,  it  is  doubtful  if  they  con-  f 

sisted  of  haemoglobin.  The  ease  with  which  these  crystals  are 
obtained,  the  fact  that  they  are  formed  by  adding  water  to  blood, 
and  also  in  the  intestinal  canal  of  the  leech,  are  points  in  which 
they  agree  with  haemoglobin  crystals  derived  from  the  blood  of 
other  animals.  The  absence  of  colour,  however,  makes  one 
hesitate  to  pronounce  them  haemoglobin.  In  the  case  of  one 
leech,  however,  on  expressing  some  blood  on  the  fourth  day, 
after  it  had  fed  upon  frog's  blood,  we  obtained  blood  which, 
when  sealed  up  and  allowed  to  stand,  developed  beautiful 
crystals  of  exactly  the  same  shape  as  those  described  above,  but 
they  were  coloured.  In  this  case  the  crystals  were  very  much 
larger,  extending  quite  across  the  field  of  the  microscope  when 
examined  with  70  diameters.  The  sole  difference  was  in  the 
colour.  We  are  therefore  inclined  to  regard  our  colourless 
crystals  as  something  very  closely  related  to  haemoglobin,  if  they 
are  not  identical  with  it.    At  present  we  are  unable  to  state 

1  Die  Blutcrystalle,  Jena,  1871. 
»  ZeiUchrf.  /.  rat.  Med.  1853. 
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what  is  the  ultimate  fate  of  these  colourless  crystals  which  form 
within  the  alimentary  canal  of  the  leech  from  frog's  blood.  The 
crystals,  both  coloured  mammalian  and  colourless  ranine,  retain 
their  form  and  characters  for  months.  In  one  specimen  of  frog's 
blood  to  which  water  was  added  we  found  crystals  of  a  different 
shape — oblong  prisms — but  jcolourless.  They  grew  to  a  con- 
siderable size,  and  can  easily  be  seen  with  70  diameters,  when 
they  form  a  marked  colourless  object  in  a  field  everywhere  tinged 
with  hiemoglobin,  except  where  these  prismatic  or  acicular 
crystals  are  formed. 

Blood  of  Newt. 

Leeches   were   placed   in   a  vessel  with  water  along  with 
pithed  newts.    The  leeches  fastened  greedily,  usually  on  the  soft 
1  ventral  surface  of  their  prey,  and  remained  attached  for  a  day. 

On  removing  them  we  usually  found  that  the  leeches  had  in- 
creased about  a  gramme  in  weight,  i.e,,  they  had  sucked  about 
one  gramme  of  blood.  On  the  niTUk  day  a  drop  of  blood  was 
expressed,  and  it  was  found  crowded  with  coloured  corpuscles, 
some  of  them  slightly  altered  in  shape,  although  their  colour 
was  in  some  cases  of  a  dusky  red,  like  the  colour  of  reduced 
haemoglobin,  while  the  colourless  corpuscles  seemed  quite  un- 
affected. Here  also  we  found  striped  muscular  fibres  of  the 
newts.  No  crystals  of  any  kind  were  observed ;  and  even  after 
the  blood  had  been  sealed  up  in  the  usual  way  for  five  days,  no 
crystals  were  obtained.  The  blood  expressed,  as  in  the  case  of 
the  frog,  was  dark  and  dusky  in  hue,  and  gave  a  decidedly  marked 
spectrum  of  reduced  hsemoglobin. 

Human  Blood. 

On  Dec.  27, 1880,  a  leech  was  applied  to  the  forearm  for  two 
hours. 

Dec.  31,  ovfour  days  thereafter,  a  drop  of  blood  was  expressed 
and  examined,  when  the  coloured  corpuscles  were  found  slightly 
smaller  than  natural,  slightly  paler  in  colour,  but  otherwise 
unchanged,  while  the  colourless  corpuscles  seemed  to  be  quite 
unaffected. 

Jan.  5,  1881,  or  nine  days  thereafter,  the  coloured  corpuscles 
seemed  to  have  become  almost  globular  in  some  cases,  as  they 
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no  longer  gave  those  optical  characterB,  which  are  presented  by 
biconcave  discs.  The  great  majority,  however,  were  unchanged  in 
shape.    The  colonrless  seemed  unaffected. 

Jan.  16,  or  twenty  days  after  sucking,  the  coloured  corpuscles 
were  in  much  the  same  condition  as  they  were  a  few  days  before, 
although  some  of  them  were  now  almost  colourless,  and  had 
evidently  lost  their  luemoglobin,  which  tinged  the  fluid.  Beau- 
tiful pink-coloured  crystals  or  plates  were  now  obvious — the 
crystals  of  hemoglobin.  These  crystals  were  rectangular  rhombs, 
while  others  were  four-sided  prisms.  When  the  blood  was  sealed 
up  and  allowed  to  stand  for  some  time  more  ciystals  were  de- 
veloped, so  that  there  seems  to  be  nothing  peculiar  in  the  format 
tion  of  these  crystals  within  the  alimentary  canal  of  the  leecb, 
where  the  removal  of  the  hemoglobin  from  the  stroma  takes 
places  slowly,  and  the  other  conditious  seem  favourable  for  slow 
crystallisation.  The  twentieth  day  is  the  earliest  date  at  wbich 
we  observed  these  crystals  to  be  formed  from  human  blood.  We 
find  that  Budge  noticed  similar  crystals  as  early  as  1850 ;  and 
both  he  and  Boganowski^  observed  them  six  or  eight  weeks  after 
the  sucking.  Our  observations  show  that  these  crystals  may  be 
formed  under  certain  conditions  as  early  as  the  twentieth  day 
after  sucking.  Boganowski^  observes  that  he  found  crystals 
resembling  hoemin  crystals  fourteen  days  after  sucking.  We 
have  not  observed  such  crystals. 

In  a  leech  which  sucked  on  Dec.  27,  1880,  on  its  blood  being 
examined  on  April  10, 1881,  i.&,  three  months  and  a  half  after- 
wards, we  found  plenty  of  crystals,  and  numerous  blood  corpuscles 
still  undissolved.  Their  colour  was  changed  to  that  of  a  dark 
dusky  pink-like  reduced  hsemoglobiu.  These  crystals  can  be 
found  in  the  alimentary  canal  for  a  very  long  time  after  sucking. 
In  a  leech  which  sucked  on  Sept.  27,  1880,  on  applying  a  5  per 
cent,  solution  of  acetic  acid  the  leech  vomited  a  small  quantity 
of,  a  syrupy  dark  maroon-coloured  blood,  which  contained  large 
masses  of  crystalline  pigment,  quite  obvious  to  the  unaided  eye. 
This  was  on  Feb.  22, 1882,  i.e.,  a  year  and  five  months  after 
sucking.  The  spectrum  of  the  blood  was  decidedly  that  of 
reduced  hemoglobin.     The  crystals  were  very  dusky  red  in  hue, 

^  Zeitschr.  f.  wisa.  Zoolog.  xii.  332. 
*  ()p.  cit.  p.  832. 
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as  if  there  was  a  purplish  tinge  in  the  larger  ones.  They  were 
four-sided  prisms,  some  of  them  with  nearly  equal  sides,  while 
others  were  more  oblong.  When  pressure  was  applied  to  them 
they  tended  to  cleave  transversely  and  longitudinally,  so  as  to 
form  many  smaller  prisms,  or  small  blocks.  Various  forms  of 
hsBmoglobin  crystals  obtained  from  leeches  are  shown  in  Plate 
XII.,  figs.  1  and  2. 

On  examining  the  blood  very  carefully  after  it  had  been  in 
the  intestinal  canal  of  a  leech  for  one  year  and  five  months,  we 
found  that  the  haemoglobin  was  almost  all  in  a  state  of  solution 
in  the  condition  of  reduced  haemoglobin,  and  outside  the  cor- 
puscles. Many  of  the  coloured  corpuscles  had  almost  entirely 
disappeared,  but  on  careful  examination,  after  the  addition  of 
water,  we  could  obtain  traces  of  their  stroma  still  undissolved. 

In  another  leech,  which  sucked  blood  on  Christmas  day,  1880, 
we  still  found  many  blood  corpuscles  on  March  14,  1882,  i,e., 
about  fifteen  months  since  its  last  full  meaL  Much  of  the 
haemoglobin  had  passed  out  of  the  corpuscles  and  tinged  the 
fluid,  while  the  coloured  corpuscles  which  remained,  and  which 
in  some  samples  of  blood  were  numerous,  had  all  a  dusky  dirty 
red  hue ;  occasionally,  what  seemed  to  be  colourless  corpuscles 
were  found.  The  haemoglobin  crystals  were  so  numerous  as 
almost  to  fill  the  field  of  the  microscope  in  some  parts  of  the 
preparation.  We  made  a  careful  examination  of  the  excreta  of 
these  leeches,  but  we  never  found  blood  corpuscles,  either 
coloured  or  colourless.  All  we  found  were  black  masses  of 
pigment,  somewhat  prismatic  in  shape,  and  also  a  few  yellowish 
granules  or  blocks  of  pigment.  Chlorophyll  and  diatoms  we 
find  pass  unchanged  through  the  intestinal  caaal  of  the  leech. 

We  are  therefore  unable  to  say  at  present  how  the  crystalline 
haemoglobin  and  the  haemoglobin  in  solution  within  the  intes- 
tine of  the  leech  becomes  transformed,  in  part  at  least,  into  this 
dark-coloured  melanin-like  pigment. 

In  another  leech  which  sucked  human  blood,  and  which  we 
kept  for  more  than  eighteen  months,  we  found  similar  crystals. 
The  crystals  were  at  first  dark  dusky  pink,  but  after  exposure  to 
the  air,  they  assumed  a  bright  light  brick-red  colour  from  the 
action  of  the  oxygen  upon  them.  This  bright  colour  they 
retain  for  months. 
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Part  II. — Ths  Formation  of  Crystals  of  HcBmoglobin, 

Blood  of  the  Eat. 

It  has  long  been  known  that  the  blood  of  many  animals 
yields  crystals  of  haemoglobin  with  extreme  ease,  and  amongst 
these  the  blood  of  the  rat  stands  pre-eminent.  If  a  drop  of 
blood  taken  from  a  white  rat  be  mixed  with  a  few  drops  of 
water  and  covered  with  a  cover  glass,  crystals  of  haemoglobin 
will  be  found  within  a  few  minutes.  This  fact  was  demonstrated 
by  Hoppe-Seyler  in  1865.  Indeed,  so  rapidly  and  certainly  does 
this  occur  that  the  process  can  be  demonstrated  to  a  class  of 
students  with  ease.^  It  is  quite  immaterial  whether  the  blood 
is  drawn  fresh  from  the  artery,  whether  it  is  defibrinated  or  has 
been  allowed  to  coagulate,  it  may  even  be  taken  from  the  body  of 
the  animal  one  or  two  days  after  the  death  of  the  animal.  All 
that  is  required  is  the  addition  of  water  in  sufficient  quantity. 
If  the  amount  of  water  is  large  the  crystals  form  more  rapidly, 
and  are  small,  and  are  usually  arranged  in  the  form  of  rosettes 
or  stars ;  while,  if  the  blood  be  but  slightly  diluted  with  water, 
the  crystallisation  takes  place  more  slowly,  but  the  crystals  are 
larger  and  more  deeply  tinged.  The  shape  of  the  larger  ones  is 
shown  in  Plate  XII.,  fig.  4.  In  colour  they  are  pale  yellow, 
but  when  they  are  somewhat  thicker  they  have  a  brick-red 
tinge.  The  shape  of  some  of  these  crystals  is  shown  in  Plate  XII., 
fig.  4. 

We  next  determined  to  ascertain  the  effect  of  various  reagents 
on  the  formation  of  these  crystals,  and  first  of  ail  we  tried  a 
I  per  cent,  solvation  of  common  salt  This  merely  causes  crena- 
tion  of  the  coloured  corpuscles,  and  although  we  have  kept  the 
mixture  sealed  up  for  months  no  crystals  have  been  developed. 
The  common  salt  solution,  therefore,  seems  to  prevent  the  diffu- 
sion of  the  pigment  from  the  stroma,  or  if  it  does  not  do  this  it 
prevents  crystallisation.  We  tried  human  nrine,  and  it  had  an 
exactly  similar  effect ;  the  corpusles  became  crenate,  no  crystals 
were  formed,  even  after  the  preparation  had  been  sealed  up  for 
two  or  three  weeks.  We  then  tried  a  weak  solution  of  pure  urea, 
which  behaved  exactly  like  water,  only  the  blood  corpuscles 

^  W.  Stirling,  Text- Book  of  Practical  ffistologyy  1881. 
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here  were  rapidly  dissolved,  as  urea  is  a  well-known  solvent  of 
these  corpuscles.  The  solution  of  the  corpuscles  is  not  quite 
complete,  as  careful  observation  and  shading  the  light  reveals 
the  outlines  of  what  appears  to  be  the  residue  of  the  stroma  in 
the  field  of  the  microscope.  The  crystallisation  took  place 
exactly  as  if  water  had  been  added.  It  is  clear  from  these 
experiments  that  the  presence  of  the  common  salt  in  the  urine 
is  sufficient  to  neutralise  the  effect  of  the  urea  and  prevent  the 
crystallisation.  The  crystals  formed  in  the  urea  solution  were 
exactly  the  same  as  those  formed  after  the  action  of  water. 

Effect  of  CMoToform. — Chloroform  was  freely  mixed  s^ith  a 
drop  of  rat's  blood  on  a  slide ;  and  covered  and  examined  in  the 
usual  way.  Within  a  few  miuutes  crystals  appeared,  but  the 
crystals,  although  coloured  and  clearly  consisted  of  haemoglobin, 
were  Jiexagonal;  some  of  them  were  about  the  size  of  a  coloured 
blood  corpuscle,  while  others  were  twice  that  size.  In  this  case, 
by  the  addition  of  a  different  reagent  to  extract  the  haemoglobin, 
a  different  form  of  crystal  was  obtained.  It  is  not  difficult  to 
see  how  the  form  of  crystal  obtained  by  the  action  of  water  on 
rat's  blood  may  be  transformed  into  a  hexagon,  as  the  ends 
of  the  flattened  prism  are  bevelled,  all  that  is  required  is  that  the 
crystal  be  shorter.  The  outline  of  the  crystal  obtained  from  a 
watery  solution  of  rat's  haemoglobin  is  already  an  irregular 
hexagon.  The  shape  of  the  chloroform  crystals  is  shown  in  Plate 
XII.,  fig.  5.  These  crystals  we  have  kept  for  months  sealed  up, 
and  they  remain  unchanged. 

Effect  of  Stdphuric  Ether. — When  a  drop  of  rat's  blood  was 
treated  in  the  same  way  with  ether,  numerous  globular  masses 
of  haemoglobin  were  obtained,  some  of  them  larger  than  coloured 
corpuscles,  others  smaller,  but  it  was  only  occasionally  that  a 
crystal  completely  or  imperfectly  hexagon  was  obtained. 

Effect  of  a  Galvanic  and  induced  Current  of  Elecricity, — It 
occurred  to  us  that  perhaps  the  opposite  poles  of  a  galvanic 
current  might  have  an  effect  upon  the  formation  of  the  crystals 
after  the  addition  of  water.  On  making  the  experiment  we 
found  that  their  formation  went  on  equally  well  both  at  the 
negative  and  positive  poles.  The  induced  current  had  also  no 
effect  upon  the  process. 
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Blood  of  Fish. 

We  employed  the  blood  of  the  common  gold-iSsh.  When 
several  drops  of  water  are  added  to  a  drop  of  blood,  and  the  two 
are  mixed  together  and  sealed  up  as  a  microscopic  preparation, 
beautiful  acicular  or  needle-like  coloured  haemoglobin  crystals 
are  developed.  They  reach  quite  across  the  field  of  the  micro- 
scope. The  crystals  are  almost  identical  in  shape  with  those 
produced  in  frog's  blood,  but  they  are  coloured.  The  ease  with 
which  the  blood  of  certain  fishes  crystallises  has  already  been 
noted  by  Funke  and  Kunde. 

The  object  of  this  paper  is  to  show  that  the  natural  process 
of  digestion  of  blood  by  the  leech  may  be  used  as  a  process  for 
the  preparation  of  microscopic  crystals  of  haemoglobin.  The 
crystals  which  are  obtained,  especially  from  human  blood,  are 
often  very  large,  ^  of  an  inch  or  more,  and  are  quite  visible  to 
the  naked  eye.  They  can  be  kept  for  a  great  length  of  time. 
We  believe  these  blood  crystals  in  the  leeeh  were  first  observed 
by  Budge  in  1850.i 

The  process  of  digestion  in  the  leech  is  an  extremely  slow 
one  indeed,  as  many  coloured  corpuscles  are  still  to  be  found 
after  a  sojourn  of  nearly  eighteen  months  in  the  intestinal  canal 
of  the  leech.  Other  experiments  must  determine  how  far  the 
tissues  of  the  leech  are  nourished  by  the  haemoglobin  or  its 
derivatives,  or  by  the  other  constituents  which  occur  in  blood. 

Part  III. — Effects  of  varwvs  Stimvli  upon  the  Leech. 

We  tried  various  plans  to  get  the  leech  to  disgorge  its  blood. 
It  is  extremely  difl&cult  to  cause  a  leech  to  vomit  its  blood  by 
mere  pressure  or  squeezing,  so  as  to  force  the  contents  of  the 
intestinal  canal  through  the  mouth,  and  in  fact  such  a  process 
injures  the  animal.  By  far  the  most  effective  applications  consist 
of  various  chemical  stimuli.  Every  one  is  aware  that  common 
salt  applied  to  the  skin  of  a  leech  rapidly  causes  it  to  disgorge 
the  blood  it  may  have  sucked.  We  found  an  8  per  cent  solution 
of  common  salt  very  effective.  A  few  drops  are  applied  to  the 
skin  of  the  leech  by  means  of  glass  rod,  and  within  a  minute  or 

1  W.  Preyer,  Die  BhUcrystalUt  Jena,  1871. 
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even  less  the  leech  after  many  contortions  soon  expresses  a  drop 
of  blood  from  its  mouth.  As  soon  as  this  is  done,  one  must  be 
careful  to  place  the  leech  in  water  to  remove  the  stimulus.  We 
also  employed  a  solution  of  acetic  acid  varying  from  1  to  5  per 
cent,  which  produces  the  same  result  within  about  the  same 
time.  If  strong  acetic  acid  is  applied,  the  act  of  vomiting  is 
more  promptly  carried  out,  and  the  amount  vomited  is  always 
larger,  hence  we  usually  employed  dilute  solutions.  After  being 
placed  in  water  the  leech  executes  a  series  of  lively  wriggling 
and  partly  swimming  movements,  and  then  it  subsides  into  its 
usual  quiet  condition.  A  dilute  solution  of  sulphuric  acid 
(2  in  1000)  requires  half  a  minute,  and  usually  much  longer  to 
produce  the  act  of  vomiting,  and  we  are  inclined  to  believe  that 
all  these  stimuli  act  more  rapidly  when  they  are  applied  to  the 
ventral  surface  of  the  animal.  Such  a  solution  of  sulphuric 
acid  produces  vomiting  iii  some  leeches  in  fifteen  seconds,  whilst 
in  others  the  latent  period  may  be  as  long  as  two  minutes  or 
more. 

We  tried  the  effect  of  galvanic  current  rapidly  interrupted, 
and  also  Jbhe  effect  of  induced  shocks.  Both  forms  of  electricity 
produced  vomiting  after  a  considerable  latent  period. 


DESCRIPTION  OF  PLATE  XIL 

Fig.  1.  Human  hssmoglobin  crystals  from  the  alimentary  canal  of  a 
leech. 

Fig.  2.  Various  forms  of  human  h»moglobin  crystals  from  the  ali- 
mentary canal  of  a  leech. 

Fig.  3.  Colourless  crystals  from  frog's  blood. 

Fig.  4.  Haemoglobin  crystals  produced  by  adding  water  to  rat's 
blood. 

Fig.  5.  Hsemoglobin  crystals  produced  by  adding  chloroform  to  rat's 
blood. 


A  SPECIMEN  OF  SOWEEBY'S  WHALE  {MESOPLODON 
BIDENS)  CAPTURED  IN  SHETLAND.  By  Professor 
William  Turner,  M.B.,  F.RSS.  L.  &  E. 

(Read  to  the  Royal  Society  of  Edinburgh,  Jan.  30, 1882.) 

SowERBY*s  whale  is  one  of  the  rarest  of  the  cetacea  which  frequent 
the  British  seas.  It  was  first  recognised  as  a  distinct  species  by  Mr. 
James  Sowerby,  from  a  specimen  cast  ashore  in  1800  on  the  coast  of 
Elgin,  and  named  by  him  Physeter  Udens^  From  that  time  to  the 
present  no  properly  authenticated  specimen  has  been  obtained  in 
Scotland,  although  it  is  not  unlikely  that  a  skull  in  the  Museum  of 
Science  and  Art  in  this  city,  a  description  of  which  I  gave  to  this 
Society  in  1872,^  may  have  belonged  to  an  animal  captured  in  the 
Scottish  seas.  Two,  if  not  three,  specimens  have  been  obtained  on 
the  Irish  coast,  but  I  know  of  no  example  of  this  whale  having  been 
caught  in  England.  In  my  former  communication  to  this  Society, 
I  referred  to  two  specimens  taken  in  France  (Havre,  Calvados),  one 
at  Ostend,  one  on  the  coast  of  Norway,  and  one  on  the  coast  of 
Sweden,  and  this  completed  the  record  of  this  animal  so  far  as  I 
could  find  a  reference  in  zoological  literature.  I  was  not  aware  at 
that  time  that  a  specimen  had  been  stranded  on  Nantucket  Island, 
Massachussetts,  U.S.,  about  the  year  1867,  and  that  the  cranium 
was  in  the  Museum  of  Comparative  Zoology,  Harvard  College.' 
The  animal  was  said  to  be  new  to  America 

More  recently,^  Professor  Reinhardt  of  Copenhagen  has  described 

^  Sowerby's  BriHah  Miscellany  of  New  or  Hare  Animals,  vol.  i.  p.  1,  1806. 

'  '*0n  the  occurrence  of  Ziphius  cavirostris  in  the  Shetland  seas,  and  a 
comparison  of  its  skull  with  that  of  Sowerby's  Whale,"  Trans,  Hoy,  Sac,  Edin., 
vol.  xxvi. 

*  See  reference  by  Prof.  A^ssiz,  in  Proc.  Boston  Soc.  Nat,  Hist,,  Nov.  16, 
1867.  Mr.  J.  A.  Allen,  **  Catalogue  of  the  Mammals  of  Massachussetts,"  in 
Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard  College,  vol.  i. 
1863-1869,  p.  205.  MM.  Van  Beneden  and  Gervais,  Ostiographie  des  Citacis, 
p.  396. 

*  Prof.  Van  Beneden  referred,  in  Bull  de  VAcad,  Roy,  de  Belgique,  Fevrier, 
1880,  torn,  xlix.,  to  a  female  cetacean  captured  in  December  1879  at  Hillion,  on 
the  west  coast  of  France  (Cdtes  du  Nord),  which,  from  the  description  sent  to 
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and  figured  ^  a  female  cetacean,  Mesoplodon  hidenSf  which  he  identifies 
with  Sowerby's  whale.  It  was  captured  on  the  3rd  February  1880, 
at  Hevringholm  Strand,  on  the  east  coast  of  Jutland.  As  naturalists 
have  possessed  so  few  opportunities  of  seeing  this  animal,  I  append 
an  abstract  of  Professor  Beinhardt's  account  of  this  specimen : — 

'*  It  was  13  feet  9  inches  (Danish)  long,  and  nearly  fidl  grown.  Except 
in  a  few  places,  nearly  aU  the  cuticle  was  removed,  for  the  animal  had 
been  dead  for  over  a  month.  The  remains  of  the  epidennis  and  the 
interior  of  the  mouth  were  blackish.  The  body  in  front  of  the  dorsal 
fin  was  rounded  transversely,  but  a  little  behind  the  head  it  was  com- 
pressed laterally,  and  towards  the  dorsal  mesial  line.  Behind  the  dorsal 
fin  the  body  was  compressed  into  a  sharp  dorsal  keel,  which  fEided  away 
on  the  upper  surfieice  of  the  tail.    A  sharp  keel  did  not  exist  on  the  under 

)  surface,  though  it  was  also  somewhat  compressed.    The  tail  did  not  have 

a  mesial  notch  between  its  lateral  lobes.  The  anteriorly  converging 
furrows  in  the  throat  ran  together  in  this  animal  similarly  to  what  was 
described  by  Mr.  W.  Andrews  in  an  Irish  specimen.  The  external  auditory 
meatus  was  large  and  conspicuous,  its  size  perhaps  depending  on  the 
circumstance  that  the  epidermis  was  removed.  The  external  nares  were 
semilunar  and  not  mesial,  but  more  to  the  left,  so  that  scarcely  a  third 
was  on  the  right  side  of  the  mesial  line.    Moreover,  it  cut  the  middle 

^  line  a  little  obliquely,  so  that  the  end  of  the  right  comu  reached  a  little 

more  forwards  than  the  left,  and  the  want  of  symmetry  showed  itself  also 
in  the  left  side  of  the  crescent,  being  somewhat  more  curved  than  the 
right.  The  contour  of  the  head,  when  looked  at  fit)m  above,  showed  a 
greater  convexity  to  the  outer  side  of  the  spiracle  on  the  left  side  than 
on  the  right.  As  is  well  known,  the  mandible  of  this  whale  possesses  a 
pair  of  compressed  teeth,  large  in  the  male,  smaller  in  the  female.  On 
first  seeing  this  specimen  no  teeth  were  recognised,  for  the  mandibular 
teeth  were  covered  and  concealed  by  the  skin.    But  some  days  later, 

^  when  the  integument  was  more  shrunk,  two  small  functionless  teeth,  of 

about  the  size  of  a  pin's  head,  were  also  seen  on  each  side  of  the  upper  jaw 
about  to  emerge  from  the  skin,  in  which  they  were  so  loosely  lodged  that 
they  were  freely  movable.  The  more  anterior  tooth  was  9"  3'"  from  the 
tip  of  the  superior  maxilla,  the  second  5"'  behind  the  first,  and  at  a 
similar  distance  behind  the  second  a  third  could  be  felt  on  cutting  into 
the  skin,  and,  more  posteriorly,  apparently  a  fourth.  No  small  function- 
less  teeth  were  seen  in  the  mandible,  though  they  were  also  probably 

him,  might,  he  thought,  be  either  Ziphiua  eavirostris  or  Mesoplodon  aowerbyi. 
In  a  letter  which  he  has  favoured  me  with,  in  reply  to  a  query  for  further 
information,  he  states  that,  having  bought  the  skeleton,  he  found  it  to  be  a 
Hyperoodon. 
^  Oversight  over  d.  K.  D.  Vidensk.  Selsk,,  Forhldl.  1880. 
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present  in  this  specimen.  The  skeleton,  unfortunately,  was  not  pre> 
served."  * 

On  the  9th  November  1881,  it  was  reported  to  Professor  A.  W. 
Malm  of  Goteboig,  that  a  small  whale  had  been  found  dead  off 
Yanholmen,  near  Marstrand,  Sweden.  Dr^  A.  H.  Malm  went  to 
see  the  specimen,  and  acquired  the  skeleton  for  the  Goteboig 
Museum.^ 

He  reports  that  the  animal  was  a  male,  4600  millimetres  (nearly  15  feet) 
long,  and  that  it  was  a  Sowerby's  whale.  It  was  found  floating  by  the 
fisherman  in  a  narrow  creek — dead,  but  fresh.  The  animal  had  been 
partially  flensed  before  Dr.  Malm  saw  it  The  colour  was  dark  slate, 
with  greyish- white  irregularly  scattered  spots,  especially  on  the  ventral 
aspect  The  lobes  of  the  tail  measured  transversely  1200  mm.  The  tail 
was  not  strongly  concave  posteriorly,  as  is  figured  by  Dumortier  in  the  4 

Ostend  specimen,  but  was  almost  transverse,  with  a  convexity  forming 
an  obtuse  angle,  and  not  a  mesial  notch  between  its  lateral  lobes.  The 
snout  tapered  more  rapidly  from  the  comer  of  the  mouth.  Behind  the 
teeth  the  slit  of  the  mouth  resembled  a  bow  turned  upwards,  but  in 
front  it  was  at  first  like  a  bow  turned  downwards,  and  then  it  was 
straight  to  the  tip  of  the  snout  The  upper  lips  were  drawn  up  so  that 
the  palate  sank  below  them,  and  fitted  into  the  furrow  of  the  mandible. 
The  teeth  projected  outside  the  lips  when  the  mouth  was  shut.    Only  T 

two  teeth  were  present,  one  in  each  mandible,  but  an  alveolar  farrow 
extended  for  about  7  mm.  behind  each  tooth,  as  if  for  the  lodgment  of  a 
smaller  tooth,  such  as  was  found  in  the  Swedish  specimen  previously 
described  by  Professor  A.  W.  Malm.'  The  tongue  was  fixed  to  the 
mandible,  so  that  only  the  point  was  free.  The  external  nares  were 
semilunar,  concave  forwards,  and  formed  a  third  of  a  circle.  Anterior 
to  the  nares,  the  head  had  a  fine  rounded  shape.  The  dorsal  fin  pointed 
backwards  ;  its  posterior  edge  considerably  falcated ;  its  length  450  mm., 
its  height  200  mm.    The  anterior  limbs  were  very  smaU ;  the  anterior  ^ 

^  Professor  Beinhardt  refers  in  his  paper  to  two  American  specimens  of 
Sowerby's  whale,  the  one  taken  at  Dennis,  Massachussetts,  in  1869,  the  other 
at  Newport,  Rhode  Island,  in  the  same  year.  But  in  a  letter  which  he  has 
favoured  me  with,  he  informs  me  that  he  is  now  satisfied  that  these  animals 
were  not  Meaoplodon  bidena  (Sow.)  but  Hyperoodon  rostratvs, 

*  Goteboig's  Naiurhistoriska  Museum^  Zool,  Zoot,,  A/delningamOf  1882. 
Through  the  courtesy  of  Dr.  A.  H.  Malm,  I  received  an  early  copy  of  his 
paper,  which  reached  me  a  few  days  after  my  communication  was  read  to  the 
Royal  Society.  To  give  sequence  to  the  narrative,  I  have  incorporated  in  the 
text  the  above  analysis  of  Dr.  Malm's  paper.  I  am  indebted  for  a  translation 
of  Dr.  Malm's  description,  and  of  that  in  Professor  Reinhardt's  paper,  to  a 
young  Swedish  gentleman,  one  of  my  pupils,  Mr.  Arwid  Kellgren. 

'  HvaWjur  %  Sveriges  Muaeeri,  &n  1869. 
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edge  was  bent  slightly  back;  tbe  posterior  formed  at  the  middle  a 
rounded  projecting  angle.  It  was  almost  the  same  size  as  the  previous 
Swedish  specimen,  also  in  the  Goteborg  Museum,  but  the  head  was  a 
little  longer,  though  not  quite  so  broad,  and  the  teeth  were  lower  but 
longer  (along  the  mandible)  than  in  the  earlier  specimen. 

In  September  1881,  the  Rev.  George  Gordon  of  Birniei  Elgin, 
wrote  to  me,  that  when  on  a  visit  recently  to  Hillswick,  Shetland, 
he  had  Been  the  skull  of  a  small  cetacean,  which  he  was  led  to  think 
was  a  Sowerby's  whale,  and  that  the  skeleton  was  in  the  possession 
of  Mr  John  Anderson  of  Hillswick.  I  accordingly  wrote  to  Mr 
Andeison  to  request  him  to  present  the  skeleton  to  the  Anatomical 
Museum  of  the  University,  and  at  the  first  opportunity  he  most 
courteously  forwarded  the  bones  to  me,  when  the  accuracy  of  Mr 
Gordon's  diagnosis  of  the  species  was  at  once  confirmed.  I  desire 
to  express  my  thanks  to  Mr  Grordon  for  having  so  generously  given 
me  information  of  the  specimen,  and  to  Mr  Anderson  for  his  liber- 
ality in  presenting  the  skeleton  to  the  Museum. 

This  whale  was  captured  in  April  1881  by  Mr  Thomas  Anderson, 
who  has  kindly  furnished  me  with  the  following  particulars.  He 
saw  it  struggling  near  the  shore  in  the  Urafirth  Yoe,  Northmavine, 
on  the  west  coast  of  the  main  island  of  Shetland,  and  his  attention 
was  directed  to  it  by  hearing  at  short  intervals  a  deep  groan.  A 
rifle  was  then  fired  at  it,  and  the  animal  swam  into  a  narrow  creek, 
where  it  was  harpooned.  It  was  a  male,  14  feet  in  length.  The 
back  was  dark  bluish-grey  or  slate-coloured,  becoming  lighter  on  the 
sides  and  whitish  on  the  belly.  Grey  or  whitish  streaks  and  spots, 
often  circular,  were  irregularly  scattered  over  the  sides.  The  skin 
was  smooth,  except  on  the  belly,  which  was  ribbed  not  unlike  a 
stocking:  this  ribbed  appearance  began  near  the  jaw  and  passed 
back  beyond  the  flipper.  A  deep  crevice  was  between  the  two 
halves  of  the  lower  jaw,  which  came  to  a  point  in  front,  but  became 
wider  and  shallower  behind.  The  beak  was  elongated  and  pointed. 
The  mouth  slit  was  straight  in  front  of  the  teeth  in  the  lower  jaw, 
but  behind  the  teeth  it  was  curved  with  the  convexity  upwards  and 
backwards.  The  blowhole  was  semicircular  in  shape,  and  with  a 
flap  which  seemed  to  close  it  at  wilL  The  pectoral  flipper  seemed 
to  be  1^  or  2  feet  long,  but  no  measurement  was  made.  A  dorsal 
fin  projected  from  about  the  middle  of  the  back.    The  tail  measured 
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3^  feet  between  the  tips  of  the  two  lobes.  The  two  mandibular 
teeth  projected  upwards  from  between  the  lips  at  the  sides  of  the 
snout,  even  when  the  mouth  was  shut ;  and  a  bunch  of  barnacles, 
about  6  inches  long,  was  firmly  attached  to  each  tooth.  The 
stomach  was  empty,  and  appeared  very  small  for  the  size  of  the 
animal. 

It  is  interesting  to  note  that  Urafirth  V oe,  where  this  Meaoplodon 
hidens  (Sowerby)  was  caught,  is  only  4  miles  from  Hamna  Yoe, 
where  the  specimen  of  Ziphius  cavirostria  was  obtained  which  I 
described  to  this  Society  in  1872,  and  for  the  skull  of  which  I  am 
also  indebted  to  Mr.  Anderson. 

The  following  table  gives,  so  far  as  is  known,  the  sex  of  the 
different  specimens  which  have  been  captured,  the  locaUties,  the 
dates  of  capture,  the  naturalists  who  have  described  them,  and  the 
museums  where  the  skeletons,  or  part  of  the  skeletons,  are  pre- 
served : — 


Sex. 

1. 

Male. 

2. 

Fern. 

8. 

Male. 

4. 

Fern. 

5. 
6. 

Male. 

7. 

•  •• 

8. 
9. 

Male. 
Male. 

10. 

Fem. 

11. 

Fern. 

12. 

Male. 

13. 

Male. 

Locality  where  Captured. 


Brodiehouse,  Elgin, 

Havre,   . 

SalleneUes,  CalvadoB, 

Otttend,  . 

Brandon  Bay,  Ireland, 
Norway, 

(Nantucket  Island, 

(  Mass.,  U.S., 
Skagerak,  . 
Brandon  Bay, 

Scotland  (?), 
(Hevringholm  Strand, 
(    Jutland,     . 
Vanholmen,  Sweden, 

Shetland, 


[ 


Date. 


1800 

1825 

1826 

1885 

1864 
1866 

1867 

1869 

1870 

1872 
1880 
1881 
1881 


By  whom  De- 
scribed. 


J.  Sowerby,  . 
(De  Biainville  and) 
(    Guvler,  .jT 

Deslongchamps,  . 
fDumortier      and) 
(    Van  Beneden,  .) 

W.  Andrews, 

Van  Beneden, 

Agassis  and  AUen 

A.  W.  Malm, 
W.  Andrews, 

W.  Turner,   . 

Beinhardt,   . 

A.  H.  Malm, 

W.  Turner,  . 


Where  Pre- 
served. 


Oxford. 

Paris. 

Caen. 

Brussels. 

DubUn. 
Chrlstiania. 

Harvard. 

OSteborg. 

Dublin. 

(Museum,  Science 
(    andArt,  Edin. 

GSteborg. 
(Univ.    Museum, 
\    Edinburgh. 


The  circumstances  under  which  this  animal  has  been  seen  have 
not  been  favourable  for  the  determination  of  its  external  characters, 
as,  before  it  has  been  examined  by  zoologists,  it  has  either  been 
much  decomposed  or  partially  or  wholly  flensed  or  dismemberecL 
From  the  several  fragmentary  descriptions  by  different  naturalists, 
I  have  compiled  the  following  summary  of  its  external  appearance : — 

Length  in  adult,  14  to  16  feet.  Beak  long  and  slender.  Head 
swelling  out  considerably  behind  the  beak.  Body  elongated. 
Back  dark  bluish-grey  or  slate-coloured,  sides  lighter,  belly  whitish. 
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Grey  or  whitish  streaks  and  spots  scattered  irregularly  on  the  sides. 
Dorsal  fin  nearer  the  tail  than  the  head,  falcate  posteriorly.  A 
dorsal  keel  in  front  of  tail,  l^o  median  notch  between  lobes  of 
tail.  Flipper  small ;  both  its  anterior  and  posterior  borders  convex. 
Blowhole  semilunar,  concave  forward,  not  quite  symmetrical.  Mouth 
slit  straight  in  front,  but  concavo-convex  further  back.  A  pair  of 
furrows  converging  in  front  on  the  under  surface  of  the  throat  A 
pair  of  laterally  compressed  triangular  teeth  protruding  in  the  male 
between  the  lips  at  the  side  of  the  beak ;  not  visible  in  the  female. 
Eudimentary  functionless  teeth  present  in  the  gum  both  of  the 
upper  and  lower  jaws. 

Of  the  thirteen  specimens  which  have  been  captured,  the  whole 
of  the  skull,  or  a  portion  only,  has  been  kept  in  twelve  instances  j  but 
in  six  specimens  only,  including  the  one  from  Shetland,  have  the'other 
bones  of  the  skeleton  been  more  or  less  perfectly  preserved,  viz.,  in 
the  Brussels,  Caen,  Dublin,  Goteborg,  and  Edinburgh  University 
Museums.  Only  one  skeleton  has  been  described  and  figured  in 
detail,  viz.,  the  immature  female  in  the  Brussels  Museum,  originally 
by  M.  Dumortier,^  but  subsequently  and  more  in  detail  by  M. 
Van  Beneden.2  Several  of  the  crania  have  also  been  figured  and 
described,  viz.,  the  Oxford,  Paris,  Caen,  and  Edinburgh  Museum 
of  Science  and  Art  specimens ;  whilst  some  facts  connected  with  the 
other  bones  of  the  skeleton  in  the  Caen  and  Goteborg  skeletons 
have  been  recorded  by  M  Gervais^  and  the  Messrs.  Malm.* 

The  animal  captured  in  Shetland  was  an  adult  male.  All  the 
epiphysial  plates  were  fused  with  the  vertebral  bodies,  and  the 
teeth  were  fully  erupted.  Thr^e  of  the  lumbar  vertebrae  had 
irregular  osseous  excrescences  on  the  bodies.  One  lumbar  spine 
had  a  ridge  crossing  obliquely  about  its  middle,  as  if  it  had  been 
fractured  and  repaired  during  life. 

The  end  of  the  rostum  of  the  skull  had  unfortunately  been 
broken  oflF  to  the  extent  probably  of  5  or  6  inches,  and  the  anterior 
end  of  the  mandible  had  also  been  broken  away.  Owing  to  this 
injury,  I  cannot  give  the  full  length  of  the  cranium;  but  the  skull 

1  Mem.  de  VAcad,  Roy.  de  Belgique,  xii.  1839. 

2  Mem.  Cmirmmis  de  VAcad.  Boy.  de  Belgique,  Oct.,  xvi.  1864. 
'  OsUographie  dea  Cetacis,  p.  397. 

*  Opera  ciUUa. 
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as  it  came  into  my  hands  was  23^  inches  long.  It  is  not  my 
intention  to  give  a  detailed  description  of  the  Shetland  skull,  as 
the  cranial  characters  of  this  animal  have  abeady  been  recorded  at 
considerable  length  by  MM.  F.  Cuvier,  Van  Beneden,  Grervais,  and 
myself.  But  as  these  specimens  were  all  females,  it  may  be  useful 
to  point  out  some  features  of  difference  which  it  presented,  and  I 
shall  especially  compare  it  with  the  female  skull  in  the  Museum  of 
Science  and  Art,  Edinburgh. 

In  the  first  instance,  I  give  a  table  of  comparative  measurements 
of  the  two  crania,  expressed  in  feet  and  inches. 


Table  of  Cranial  Measnremento. 


Greatest  height  of  cranium  from  vertex  to  pter3'goid8  . 
Brea<lth  of  cranium  across  middle  of  superior  margin  of 

orbits  ..... 

Breadth  of  cranium  between  zygomatic  processes  of 

sQuamosals  ..... 
Breaath  between  antorbital  notches 
Breadth  of  occipital  condyles    . 
Premaxillee,  greatest  width  behind  anterior  nares 
Premaxillffi,  least  width  opposite  anterior  nares 
Premaxillse,  greatest  widtn  in  front  of  anterior  nares 
Width  of  anterior  nares 
Mandiblci  length  of  ramus 
Mnndible,  length  of  symphysis 
Mandible,  greatest  vertical  height  of  ramus 


Skull  Ini 

Museum 

of  Science 

and  Art. 


9i 
111 

11 J 

7i 

H 
6 

H 

4 

11 

18i 

»i 

4i 


Shetland, 
Mesoplo- 

don 
biden*. 


10 
lOJ 

11* 

71 

4 

«i 
4 

4 

lA 

18J 

IV 

4 


k 


The  cranial  sutures  were  not  quite  so  distinct  as  in  the  skull  in 
the  Museum  of  Science  and  Art  The  upper  borders  of  the  rostral 
portions  of  the  two  premaxillaB  were  not  so  much  turned  inwards, 
and  the  widest  interval  between  these  borders,  near  the  base  of  the 
beak,  was  1  y\^  inch,  and  not  f  th  inch,  as  in  that  specimen.  Instead 
of  an  open  meso-rostral  canal,  a  distinct  meso-rostral  bone  occupied 
but  did  not  entirely  fill  up  the  hollow  between  the  premaxillse ;  for 
this  bone  was  divided  into  two  not  quite  symmetrical  halves  by  a 
mesial  superior  furrow,  in  which  probably  an  unossified  part  of  the 
meso-rostral  cartilage  had  been  lodged.  This  furrow  was  bounded 
behind  by  the  anterior  end  of  the  mes-ethmoid  bone,  which  extended 


^  These  measurements  of  this  skull  have  already  been  published  in  my 
Eeport  on  the  Bones  of  the  Cetaoea  collected  by  H.M.S.  "  Challenger/'  1880. 
^  This  mandible  is  imperfect. 
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into  the  base  of  the  beak  for  If  inch  beyond  the  pie-maxillary 
foramen,  "whilst  in  the  skull  in  the  Museum  of  Science  and  Art  it 
did  not  extend  more  than  half  an  inch.  The  pre-mazillaiy  foramen 
was  immediately  in  front  of  the  maxillary  foramen  in  both  speci- 
mens, and  the  lateral  border  of  the  base  of  the  beak  was  in  both  a 
sharp  lidge  and  not  grooved.  In  the  Shetland  specimen  the  meso- 
rostral  bone  was  fused  both  with  the  vomer  and  the  pie-maxillsB, 
though  grooves  on  the  surface  showed  the  line  of  demarcation  from 
the  premaxillse.  The  meso-rostral  bone  became  attenuated  anteriorly 
and  ended  in  a  fine  point  immediately  behind  the  broken  end  of  tho 
beak.  In  the  type  skull  in  the  Oxford  Museum,  if  I  may  judge 
from  a  cast  of  that  specimen,  the  ossification  of  the  meso-rostral 
cartilage  had  extended  very  completely  for  nearly  6  inches  in  front 
1  of  the  mes-ethmoid,  and  less  completely  for  3  additional  inches. 

The  presence  of  a  meso-rostral  bone  and  of  large  mandibular  teeth 
are  therefore  characteristics  of  the  adult  male.  The  vomer,  where  it 
appeared  mesially  on  the  under  surface  of  the  beak,  was  somewhat 
thicker  than  in  the  skull  in  the  Museum  of  Science  and  Art.  The 
tympanic  bones  were  lost,  but  the  left  petrous  bone  was  preserved. 
'^  It  closely  resembled  the  petrous  bone  of  Mesqplodon  layardi  figured 

by  me  in  the  Beporte of  H.M.S.  '' Challenger.''^ 

The  pair  of  mandibular  teeth  projected  nearly  2  inches  beyond 
the  alveolus.  They  were  triangular  and  laterally  compressed.  The 
anterior  border  sloped  very  obliquely  forward ;  the  posterior  border 
was  almost  vertical.  The  surface  of  the  fang  was  rough,  with 
ridges  passing  obliquely  downwards.  The  crown  was  smooth,  ter- 
minating in  a  point,  and  was  separated  from  the  fang  by  a  well- 
marked  lina  £ach  tooth  was  partly  opposite  and  partly  imme- 
diately behind  th^  posterior  end  of  the  elongated  symphysis.  A 
groove  in  the  alveolar  border  of  the  bone  passed  for  2  inches  back- 
wards behind  the  erupted  tooth,  and  in  it  rudimentary  denticles  had 
at  one  time  probably  been  lodged. 

The  discovery  by  Professor  Beinhardt  of  a  row  of  rudimentary 
f  unctionless  teeth  on  each  side  of  the  upper  jaw  of  his  specimen  of 
Mesoplodon  bidenSf  is  of  great  interest.  The  New  Zealand  Meao- 
plodon  gi'ayiy  mainly  on  the  possession  of  a  row  of  minute  teeth  in 
the  upper  jaw,  has  been  made,  by  Dr.  Yon  Haast,  a  new  genus, 

*  Report  on  the  Bones  of  Cetacea,  PL  I.  fig.  5,  Zoology,  vol.  i.  1880. 
VOL.  XYI.  2  H 
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OiUodon;  but  Rembardt's  observation,  as  be  bimself  bas  pointed 
out,  sbows  tbat  tbis  can  no  longer  be  regarded  as  a  ground  for 
generic  distinction  between  it  and  Afesophdon. 

In  writing  tbe  description  of  tbe  otber  bones  of  tbe  skeleton,  I 
bave  followed  tbe  metbod  wbicb  I  pursued,  in  framing  tbe  account 
of  tbe  skeleton  of  tbe  Mesoplodon  layardi  for  tbe  Beportsof  H.M.S. 
• ''  Cballenger,"  so  tbat  tbe  skeletons  of  tbese  two  ftnimftla  may  now 
be  compared  witb  eacb  otber.  But  it  must  be  remembered  tbat 
Layard's  Mesoplodon,  tbougb  14  feet  in  lengtb,  was  an  immature 
animal,  wbilst  tbe  Shetland  Sowerby's  wbaleof  tbe  same  lengtb  was 
an  adult  male. 

Spinal  Column. — Only  39  vertebre  have  as  yet  reached  me, 
viz.,  Cy,  Djo,  L}^,  and  eleven  caudals.  In  tbe  Brussels  skeleton 
there  are  46  vertebrsB,  and  tbe  formula  is  C7,  D^q,  L^q,  Cd^g.  In 
Professor  Malm's  specimen,  which  was  adult,  as  the  epiphyses  were 
united  with  the  vertebral  bodies,  the  formula  is  C7,  D^g,  L^,  Gd^  =  46 ; 
and  in  the  second  Goteborg  skeleton,  obtained  by  Dr.  A.  H.  Malm, 
there  are  also  46  vertebree,  but  of  these  only  9  are  dorsal  vertebrae, 
and  consequently  there  are  only  9  pairs  of  ribs.     The  ribs,  there-  ^ 

fore,  of  this  whale  are  either  9  or  10  pairs,  and  the  vertebral  for- 
mula is  46,  so  that  seven  caudal  vertebrae  are  missing  in  my  speci- 
men. In  Layard's  Mesoplodon  the  vertebral  formula  is  44  or  46, 
and  the  ribs  are  either  9  or  10  pairs. 

Tbe  length  of  tbe  macerated  spine — ^the  vertebral  bodies  being 
placed  in  apposition — was  9  feet  11  inches.  The  discs  varied  from 
half  to  five-eighths  of  an  inch  in  thickness,  so  that  20  inches  in 
addition  may  be  allowed  for  them,  and  about  8  inches  for  the 
missing  vertebrae  with  their  discs,  which  would  make  the  spine  a 
little  more  than  12  feet  long.  In  the  centre  of  each  disc  was  a  dis- 
tinct and  relatively  large  cavity,  lined  by  a  smooth  synovial-like 
membrane,  and  containing  a  deep  yellow  fluid,  which  in  the  discs 
between  the  larger  vertebrae  might  amount  to  about  half  an  ounce. 
The  arrangement  resembled  what  I  saw  in  1869  in  the  discs  of 
BcUcenoptera  sibbaldii. 

Cervical  Vertebrce. — The  antero-posterior  diameter  of  the  cervical 
series  of  vertebrae  was  5^  inches.  Tbe  body,  laminae,  and  spine  of 
the  axis  were  completely  fused  with  the  corresponding  parts  of  tbe 
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atlas,  and  formed  a  massive  bone  5|  inches  in  its  greatest 
transverse,  5  inches  in  its  greatest  dorsi-ventral,  and  2^  inches 
in  its  greatest  antero-posterior  diameter.  The  transverse  pro- 
cesses of  these  vertebrsB  were  not  anchylosed  with  each  other. 
The  transverse  process  on  each  side  of  the  atlas  was  single,  but  that 
of  the  axis  consisted  of  a  short  superior  and  a  longer  inferior  limb, 
which  were  not  united  at  their  outer  ends.  The  sub-occipital 
groove  on  the  anterior  lamina  of  the  atlas  was  converted  into  a 
foramen  by  a  bridge  of  bone.  The  last  five  cervicals  were  all  free. 
'J'he  bodies  of  the  3rd,  4th,  5th,  and  6th  ranged  from  2^  to  2f 
inches  in  transverse  diameter,  and  measured  about  half-an-inch 
antero-posteriorly.  In  each  the  superior  and  inferior  limbs  of  the 
transverse  process  were  separated  from  each  other  externally  by  a 
wide  interval,  which  was  also  the  case  in  the  Brussels  skeleton ;  but 
as  this  skeleton  was  perfectly  adult,  it  may  now  be  stated  that  no 
foramen  exists  at  the  root  of  the  transverse  process  in  the  cervical 
vertebrsB  of  this  animal  The  superior  limb  was  a  stunted  plate  ; 
the  inferior  limb  was  more  elongated ;  in  the  3rd  and  4th  vertebrad 
it  projected  slightly  backwards;  in  the  5th  and  6th  it  projected 
downwards  and  outwards,  and  in  the  6th  it  was  1^  inch  long.  In 
the  3rd,  4th,  and  5th  vertebrae,  the  lamina  were  not  united  mesiaUy, 
so  that  they  had  no  spinea  In  the  6th  a  slender  stunted  spine  was 
present;  the  7th  had  a  slender  spine  If  inch  long;  its  superior 
transverse  process  was  1|  inch  long  and  pointed,  whilst  the  inferior 
was  a  mere  tubercle.  Its  body  was  elongated  transversely  beyond 
the  articular  surfaces  for  the  vertebrae  in  front  and  behind,  and  on 
each  side  it  had  an  articular  facet  1  inch  by  f  inch  for  the  head  of 
the  first  rib.  The  fusion  of  the  atlas  with  the  axis,  and  the  free 
condition  of  the  other  cervicals,  ia  obviously  a  character  of  this 
animal,  as  it  was  also  seen  in  the  Brussels  and  in  both  the  Goteboig 
skeletons.  ^  The  condylar  articular  surfaces  of  the  atlas  were 
separated  below  by  an  interval  of  ^ths  inch,  whilst  in  the  young 
Layards'  Mesoplodon,  the  interval  was  less,  than  ^ths  inch. 

Dorsal  Vertebras, — In  this  region  the  bodies  increased  in  size  from 
before  backwards.     The  first  had  a  pair  of  rudimentary  tubercles 

^  M.  Geirais,  in  his  account  of  Sowerby's  whale  in  OsUographie  des  Citacis^ 
states  that  the  first  three  cervicals  are  fused  together,  but  he  does  not  say  iu 
which  skeleton  this  has  been  seen. 
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projecting  from  the  inferior  surface  of  the  body  in  series  with,  but 
smaller  than,  the  inferior  transverse  tubercles  of  the  7th  cervical 
A  mesial  ridge  appeared  on  the  ventral  surface  of  the  8th  dorsal,  as 
in  the  Brussels  skeleton,  which  became  stronger  in  the  vertebrts 
behind.  The  laminsB  and  spines  were  complete  in  all  the  dorsals, 
and  the  spines,  as  a  rule,  increased  in  length  and  massiveness  from 
before  backwards,  the  1st  being  4^  inches  and  the  10th  8^  inches 
long.  The  spines  of  the  1st  and  2nd  were  almost  vertical,  those  of 
the  rest  were  inclined  backward&  The  articular  surfaces  for  the 
heads  of  the  2nd,  3rd,  4th,  5th,  6th,  and  7th  ribs  were  very  dis- 
tinct on  the  anterior  six  dorsals  at  the  junction  of  the  pedicle  with 
the  posterior  part  of  the  side  of  the  body.  No  articular  surface  for 
the  head  of  the  7th  rib  was  present  on  the  left  side  of  the  body  of 
the  7th  dorsal,  but  on  the  right  side  a  small  articular  facet  was  situ-  J 

ated  on  a  slight  elevation,  in  series  with  the  projecting  articular 
process  for  the  8th  rib,  on  the  side  of  the  body  of  the  8th  dorsaL 
The  anterior  seven  dorsals  had  each  a  strong  transverse  process,  for 
articulation  with  the  tubercle  of  a  corresponding  rib,  projecting  from 
the  pedicle  close  to  the  anterior  zygapophysis.  These  transverse 
processes  projected  forwards  in  the  anterior  six,  and  outwards  in  the  t 

7th.  The  long  axis  of  the  articular  surface  on  the  transverse  pro- 
cess was  vertical  on  the  1st  and  2nd  dorsals,  oblique  on  those 
immediately  behind,  and  horizontally  antero-posterior  on  the  7th. 
No  transverse  process  projected  from  the  side  of  the  neural  arch  of 
the  8th,  9th,  and  10th  dorsals,  but  a  transverse  process  for  articula- 
tion with  a  corresponding  rib  projected  from  the  side  of  the  body, 
nearer  its  anterior  than  posterior  surface.  It  measured  half  an  inch 
in  the  8th,  2^  inches  in  the  9th,  and  4  inches  in  the  10th  vertebra. 
Zygapophyses  were  present  as  far  back  as  the  anterior  pair  on  the 
8th  dorsaL  A  pair  of  strong  metapophyses  projected  forward  from 
the  laminae  of  the  10th,  9th,  and  8th  dorsals,  to  overlap  the  laminse 
of  the  vertebra  immediately  in  front,  and  rudimentary  metapophyses 
were  present  on  the  7th  and  6th  dorsals.  The  7th  dorsal  was 
the  vertebra  of  transition. 

Luinbar  VertehrijB. — The  ten  lumbars  were  almost  uniform  in 
shape,  but  increased  in  size  from  before  backwards ;  the  body  of  the 
last  lumbar  measured  5  inches  in  its  antero-posterior  diameter,  and 
3*2  in  its  transverse.     The  bodies  were  keeled  on  the  ventral  sur- 
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faces.  The  antero-poskerior  diameter  of  each  body  was  markedly 
greater  than  the  transverse.  In  the  more  anterior  vertebrse  the 
transverse  process  was  distinctly  larger  than  the  width  of  the  body, 
bat  in  the  more  posterior  they  were  almost  equal  The  base  of  this 
process  sprang  from  the  anterior  half  of  the  side  of  the  body  in 
series  with  the  transverse  processes  of  the  last  dorsals ;  the  processes 
projected  outwards  and  a  little  forwards,  and  the  free  end  was 
convex.  The  spines  were  long,  laterally  compressed  and  sloped 
slightly  backwards.  The  length  of  the  lOth  lumbar  spine  was  10 
inches.  The  height  of  the  last  lumbar  vertebra  was  15  inches.  A 
pair  of  broad  lamellif orm  metapophyses  projected  forwards  from  the 
anterior  border  of  the  laminsB  close  to  the  root  of  the  spine,  but  did 
not  articulate  with  the  vertebra  in  front ;  from  the  anterior  edge 
of  the  laminsB  of  which  a  pair  of  much  smaller  processes  projected 
backwards.   The  neural  arches  sprang  from  the  centre  of  the  bodies. 

Caudal  Vertebrce. — Twelve  only  were  present,  seven  being  miss- 
ing. They  diminished  in  size  from  before  backwards.  The  1st. 
was  14  inches  high,  and  10  inches  between  the  tips  of  its  trans- 
verse processea  In  the  anterior  three  the  spines  were  massive,  and 
then  rapidly  diminished  in  size  to  the  11th,  in  which  the  spine  was 
a  slight  ridge,  and  the  neural  canal  admitted  only  a  crow  qmU. 
The  transverse  processes  were  strong  in  the  anterior  five,  and  then 
rapidly  diminished  in  size,  so  that  in  the  9th  only  a  faint  ridge  was 
seen.  Metapophyses,  which  were  non-articnlar,  projected  forwards 
from  the  anterior  edge  of  the  laminsB  of  the  anterior  nine,  but  none 
from  the  posterior  edge.  The  1st  caudal  was  transitional  in  its 
characters  between  the  lumbar  and  caudal  series,  for  whilst  the 
ventral  surface  of  the  body  was  keeled  in  its  anterior  two-thirds,  it 
was  grooved  in  the  posterior  third,  and  possessed  an  articulation  for 
the  1st  chevron  bone.  The  vertebrse  behind  the  first,  so  far  as  they 
were  present,  were  grooved  ventrally,  and  on  at  least  nine  bodies 
articulations  for  chevron  bones  were  present.  Only  six  chevron 
bones  reached  ma  No  vertical  foramen  was  present  in  the  root  of 
a  transverse  process. 

Eibs, — Of  the  ten  pairs  of  ribs  only  four  pairs  were  entire,  the  rest 
had  been  broken  or  sawn  across.  The  first  was  the  broadest,  and 
measured  12  inches  in  a  straight  line.  The  anterior  seven  had  each  a 
head,  neck,  and  tubercle,  but  in  the  1st  the  neck  was  stunted    The 
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head  of  the  let  rib  articulated  with  the  body  of  the  7th  cervical,  its 
tubercle  with  the  transverse  process  of  the  1st  dorsal.  From  behind 
forwards  the  head  articulated  with  the  body  of  the  vertebra  in  firont 
of  that,  with  the  transverse  process  of  which  the  tubercle  articulated ; 
but  whilst  the  head  of  the  7th  left  rib  articulated  with  the  body  of 
only  the  6th  dorsal  vertebrae,  that  of  the  7th  right  rib  articulated 
with  the  body  of  both  the  6th  and  7th  dorsals.  The  8th,  9th,  and 
10th  ribs  articulated  with  the  transverse  processes  of  their  corre- 
sponding vertebrsB. 

Hyoid  Bone  consisted  of  a  body  and  great  comua  anchylosed 
together.  It  had  a  well-marked  U  form,  and  measured  6^  inches 
between  the  tips  of  the  horns. 

Sternum. — This  bone  was  19^  inches  in  length  and  6f  inches  at  the 
broadest  part,  and  it  diminished  in  transverse  diameter  from  before  ^ 

backwards.  The  ventral  aspect  was  slightly  convex,  and  with  a 
faint  mesial  keel.  Each  lateral  border  was  festooned,  being  most 
projecting  where  it  articulated  with  the  ribs.  The  sternum 
consisted  of  five  segments;  the  4th  and  5th  were  anchylosed 
together,  the  others  articulated  with  each  other  laterally,  but  in  the 
mesial  third  a  rounded  aperture  of  some  size  was  interposed,  and  this  t 

aperture  also  existed  between  the  4th  and  5th  segments.  This 
sternum  corresponded  with  the  first  Odteborg  skeleton  in  the  anchy- 
losis of  these  two  segments,  but  differed  both  from  the  Brussels 
skeleton,  in  which  they  were  still  separate,  and  in  which  the  5th 
was  divided  into  two  lateral  halves,  and  from  the  second  Goteborg 
skeleton,  in  which  the  sternum  possessed  only  four  segments.  This 
sternum  did  not  display  that  marked  inequality  in  the  height  of  the 
opposite  sides  of  the  bone  seen  in  the  Brussels  skeleton.  Arti- 
culations for  five  pairs  of  ribs  were  at  the  lateral  borders,  one 
on  the  manubrium  and  four  at  the  junction  of  the  sternal  segment& 

Scapula. — This  was  a  broad  triangular  plate-like  bone,  measuring 
8  inches  from  the  glenoid  fossa  to  the  vertebral  border,  and  12^ 
inches  from  the  anterior  to  the  posterior  angle.  The  coracoid  process 
was  3^  inches  long;  the  acromion  was  4  inches  long,  and  1*7  inch, 
wide,  being  twice  as  broad  as  the  coracoid. 

Humerus, — ^The  epiphyses  of  this  bone  were  anchylosed  to  the 
shaft.  The  bone  was  only  5f  inches  long,  and  the  surfaces  of  the 
shaft  were  flattened.  The  bones  of  the  forearm  and  manus  have 
net  yet  reached  me. 
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A  SPECIMEN  OF  RUDOLPHrS  WHALE  {BALjEN- 
OPTERA  B0REAL18  OR  LATIGEPS)  CAPTURED 
IN  THE  FIRTH  OF  FORTH.  By  Professor  Wm. 
Turner,  M.B.,  F.R.SS.  L.  &  R 

(Read  to  the  Royal  Society  of  Edinburgh,  Feb.  20,  1882.) 

In  September  1872  a  whale  of  some  magnitude  was  seen  floun- 
dering in  shallow  water  at  Snab,  Kinneil,  about  a  mile  from  Bo'ness, 
on  the  Firth  of  Forth.  Some  men  proceeded  to  the  spot  and  fast- 
ening a  rope  round  its  tail,  hauled  it  closer  to  the  shore,  and  then 

V  killed  it.  I  was  not  at  home  at  the  time,  but  on  reading  a  notice 
of  its  capture  in  the  Scotsman  of  September  26,  I  wrote  to  my 
assistant,  the  late  Mr  A.  B.  Stirling,  to  go  and  see  the  animal  He 
reported  to  me  that  it  was  a  whalebone  whale,  ribbed  and  grooved 
on  the  belly,  and  he  was  able  to  make  the  following  notes  on  its 
colour  and  dimensions  : — 

V  The  animal  was  black  on  the  back  of  the  head  and  body  and 
dorsum  of  the  tail.  The  belly  was  pinkish  white,  with  a  shade  of 
yellow,  from  chin  to  anus.  Behind  the  anus  it  was  patched  with 
white  to  three  feet  firom  the  tail  Behind  this  again  the  colour 
varied  from  lead  grey  to  black,  and  the  under  as  well  as  the  upper 
surface  of  the  tail  was  black.  The  breadth  of  the  dorsum  of  the 
head  at  the  tip  of  the  upper  lip  was  2  inches ;  one  foot  further  back 

.  it  was  9  inches;  two  feet  back  18  inches ;  and  at  the  blowholes, 

3  feet  The  dorsal  fin  had  a  falcate  posterior  border,  and  its  long 
diameter  along  the  anterior  border  to  the  tip  was  1  foot  8  inches, 
whilst  its  height  was  11  inches.  The  flipper,  when  disarticulated 
at  the  shoulder,  was  4  feet  10  inches  in  lengtL  The  breadth  of 
the  tail  was  8  feet  8  inches :  its  anterior  border  was  convex,  its 
posterior  border  festooned.  From  the  root  of  the  tail  to  the  mesial 
notch  was  2  feet  5  inches,  and  the  depth  of  the  notch  was  5  inches. 
The  lower  jaw  projected  both  in  front  of  and  to  the  sides  of  the 
upper  jaw.  The  length  of  the  animal,  from  the  tip  of  the  beak  to 
the  end  of  the  tail,  was  about  37  feet,  and  the  girth  roimd  the  belly 
about  15  feet 
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The  whale  was  taken  possession  of  by  the  Custom  House  officials, 
and  was  then  sold  by  public  auction. 

When  I  saw  it  a  few  days  afterwards  the  blubber  and  baleen  had 
been  removed  from  the  animal  The  baleen  consisted  of  numerous 
plates,  the  biggest  of  which  were  about  1  foot  3  inches  in  length 
and  about  6  inches  wide.  They  were  black,  striped  with  grey  and 
white,  and  the  hairs  projecting  from  the  lower  free  border  were 
greyish  white. 

The  fluted  state  of  the  belly  and  the  presence  of  a  dorsal  fin 
proved  it  to  be  one  of  the  BalaenopteridaB,  or  Einner  whales.  It  was 
evident)  both  from  the  colour  of  the  whalebone  and  the  shape  of 
the  upper  jaw,  the  lateral  borders  of  which  were  straight,  that  the 
animal  was  not  the  Bakenqptera  sibbaldii^  a  magnificent  example  of 
which  had  been  stranded  at  Longniddry  only  three  years  before.  ^  J 

Its  sixe  and  the  colour  of  its  baleen  distinguished  it  also  from  the 
lesser  piked  whale,  Balamoptera  rostratcu  The  absence  of  yellowish 
and  greenish  tints  in  the  plates  of  tl^e  whalebone  threw  some  doubt 
on  its  being  Balasnoptera  musculue^  but  I  was  not  in  a  position,  in 
the  condition  the  animal  then  was,  to  discriminate  between  Balcs- 
noptera  musculus  and  B.  boi'ecUu,     1  decided,  therefore,  to  buy  the  ^ 

carcass,  and  to  have  the  skeleton  prepared  for  the  Anatomical 
Museum  of  the  University.  Accordingly  men  were  engaged  to 
take  the  flesh  off  the  bones,  and  to  separate  it  into  pieces  of  con- 
venient size  for  transport  into  Edinburgh.  I  regret  to  say  that  the 
sternum  and  pelvic  bones  were  lost  amidst  the  masses  of  flesh,  and 
could  not  be  recovered;  but  with  these  exceptions,  and  that  of 
a  carpal  bone,  some  of  the  smallest  phalanges,  and  perhaps  one  or 
two  chevrons,  the  skeleton  is,  I  believe,  perfect.  As  the  bones  of 
the  large  cetaoea  are,  from  the  quantity  of  oil  which  they  contain, 
difficult  to  clean,  I  obtained  permission  from  my  colleague,  Professor 
Balfour,  to  bury  them  in  the  Botanic  Gardens  in  a  mixture  of  leaves 
and  earth.  They  remained  there  until  the  summer  of  last  year, 
when  they  were  disinterred,  clean  and  free  from  grease  and  smelL 
The  examination  which  I  have  subsequently  made  of  the  skeleton 
has  satisfied  me  that  the  animal  was  the  cetacean  named  by  zoo- 
logists BcUcenoptera  horealis  or  IcUiceps, 

^  See  my  account  of  this  animal  in  Trans,  Say.  Soc.  Edinburgh,  1870» 
voL  xxvi. 
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The  only  specimen  captured  in  the  British  seas,  which  has  been 
referred  to  this  species  by  some  zoologists,  is  one  stranded  at  Char- 
mouth,  Dorsetshire,  in  1840.  From  the  colour  of  its  baleen  and 
the  number  of  its  vertebrsB  (60),  it  was  much  more  likely  to  have 
been  Balcenoptera  museultu.  But  as  the  skeleton  has  not  been 
preserved,  its  identification  is  now  rendered  difficult  As  no 
properly  authenticated  specimen  of  B.  horedlis  had  therefore  pre- 
viously been  captured  in  the  seas  of  our  islands,  I  have  the  satisfac- 
tion of  adding  this  mammal  to  the' British  Fauna. 

In  the  Museum  of  the  Boyal  College  of  Surgeons  of  England  are 
some  vertebras  and  other  bones  of  this  species,  but  nothing  is  known 
of  their  history.  In  the  University  Museum,  Cambridge,  are  the 
skull  and  one  scapula  of  a  whale  cast  ashore  on  the  island  of  Islay, 
S"  in  1866,  which  Professor  Van  Beneden  referred  at  one  time  to  this 

species.  ^  Mr  J.  W.  Clark  has,  however,  pointed  out  ^  that  it  is  the 
skull  of  a  very  fine  Bcdcenoptera  rostrata,  and  Professor  Flower  tells 
me  that  he  is  of  the  same  opinion.  Skeletons  of  B.  horeaUs  are  pre- 
served in  the  Museimis  at  Leyden,  Berlin,  Bergen,  Brussels,  and 
Bayonne.  The  Leyden  specimen  was  taken  in  1 81 1,  near  to  Moniken 
^  Dam,  in  the  Zuider  Zee,  and  the  characters  of  the  skeleton  have 

been  given  by  Professor  Flower.^  The  Berlin  specimen,  figured  and 
described  by  Hudolphi,^  was  taken  in  1819  on  the  coast  of  Holstein, 
near  to  Gromitz.  Two  skeletons  are  at  Bergen,  the  one  was  de- 
scribed by  Lilljeborg,^  from  a  young  animal  captured  on  the 
Norwegian  coast ;  the  other  came  from  the  Lofibden  Islands,  ^  and 
has  apparently  not  yet  been  described.  The  Brussels  skeleton  was 
^  obtained  by  Eschricht  &om  the  North  Cape,  and  has  been  described 

by  Van  Beneden."^  The  skeleton  in  the  Museum  at  Bayonne  is 
a  young  male  specimen,  which  M  P.  Fischer  states  was  stranded  near 

1  OsUographie  des  C6tac6s,  p.  202. 

'  See  reference  in  ThA  Pawna.  of  Scotlcmdf  '*  Mammalia,"  by  E.  R.  Alston, 
Glasgow,  1870.  Also,  in  a  letter  to  myself,  in  reply  to  a  communication  on 
the  subject 

*  Froe.  Zool,  Soe.  Londariy  Nov.  8,  1864. 

*  fiudolphi  named  this  animal  BcUcena  rostrata,  Abhand.  der  Akad.  der 
Wissenaeh.  m  Berlin,  1820,  1821. 

"  Translation  of  Lilljeboig's  Memoir  on  the  Scandinavian  CfBtctcea,  in  pabh> 
cations  of  Ray  Society. 

*  Oetiographie  dee  Gitaeis,  p.  201. 
7  Ibid,  p.  302. 
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Biarritz  in  July  1874.^  The  animal  was  7*83  metres  long  (about 
26  feet).  B,  borealis  is  therefore  a  denizen  of  the  Kortb.  Atlantic 
Ocean.  2 

It  is  not  my  intention  on  this  occasion  to  enter  in  detail  into  the 
description  of  the  skeleton  of  this  whale  stranded  near  Bo'ness,  but  it 
will  be  necessary  to  refer  to  such  points  in  its  anatomy  as  will  give 
certainty  to  the  identification  of  the  species.  The  bones  of  this 
animal  were  less  massive,  smoother  on  their  surface,  and  less  porous 
than  the  bones  of  either  B.  mtiacultia  or  B.  mbhcddii.  The  vertebral 
plates  were  not  anchylosed  to  their  respective  bodies,  and  the 
epiphyses  of  the  radius,  ulna  and  humerus  were  not  united  to  tbe 
shafts  of  their  respective  bones. 

The  entire  length  of  the  skull  and  spine  was  35  feet  2\  inches, 
viz.,  the  skull,  8^  feet  1^  inches ;  the  spine,  without  the  interverte- 
bral discs,  26  feet  7  inches.  If  to  this  be  added  2  feet  for  the 
probable  thickness  of  the  intervertebral  discs,  and  8  or  10  inches 
for  the  projection  of  the  lower  jaw  beyond  the  upper  and  the 
thickness  of  the  skin,  the  length  of  the  animal  would  have  been 
about  38  feet,  which  closely  approximates  with  what  was  reported 
as  its  length  before  being  flensed.  Although  the  condition  of  the 
epiphyses  proved  that  the  animal  had  not  reached  adult  life,  or 
probably  attained  its  full  dimensions,  yet  this  skeleton  is  larger  and 


^  Comptes  Bendus,  27th  Dec.  1876,  p.  1298,  voL  Ixzxiii. ;  and  Jcmmdl  de 
Zoologie,  vol.  y.  p.  462,  1876. 

^  In  Nature^  12th  Oct.  1876,  is  a  reference  to  the  SchHfUnder  wUurforachen-' 
den  Gesellschaft  in  DarUsigy  which  contains  photographs  of  the  skeleton  of  a 
whale,  said  to  be  PterohdUxna  laticeps  (Gray),  stranded  in  Dantzig  Bay  in  1874, 
but  as  I  have  not  been  able  to  obtain  a  copy  of  the  Dantzig  publication,  can  make 
no  further  reference  to  it.  I  observe  that  in  the  Archiv  fur  Naturgeschichie, 
1876,  41st  year,  third  part,  p.  388,  is  an  elaborate  description,  by  Professor 
Zaddach  of  Eonigsberg,  of  a  female  fin  whale,  stranded  in  August  1874, 
between  Neufahrwasser,  the  harbour  of  Dantzig,  and  the  village  of  Heubude. 
He  names  it  BahenuypUra  m/uscfuZua,  Its  vertebral  formula  is  C7Dj4liigCd,4 
» 60,  and  the  baleen  is  described  aa  yellow  like  horn,  with  bluish  green  or 
blackish  spots  at  the  outer  border.  Its  length  was  10*98  metres  (about  36  feet 
English).  Professor  Zaddach  states  that  he  does  not  give  a  detailed  descrip- 
tion of  the  skeleton,  as  the  Dantzig  Society  of  Natural  History  had  decided  to 
publish  a  description  of  it,  with  drawings  and  photographs,  in  their  Sehr^ten^ 
from  the  pen  of  Professor  Menge.  Can  this  be  the  specimen  referred  to  in 
Nature  f  The  colour  of  the  baleen  and  the  vertebral  formula  (probably  the 
last  two  caudals  had  not  been  ossified  and  preserved)  show  its  affinity  to 
B,  mtisculus  rather  than  to  B.  laticeps. 
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more '  advanced  in  its  ossification  than  the  other  skeletons  which 
have  been  described.  The  Leyden  specimen  is  said  to  have  been 
32  feet  long,  and  Professor  Flower  gives  its  skeleton  as  29  feet 
7  inches,  without  the  intervertebral  discs,  for  the  thickness  of  which 
an  additional  2  feet  should  be  allowed  Professor  Eudolphi  states 
that  the  Berlin  skeleton  is  31  feet  1  inch  Rhenish  measurement. 
The  young  skeleton  in  Bergen  described  by  Lilljeborg  is  30  feet  2 
inches ;  and  Professor  Van  Beneden  names  32  feet  as  the  length  of 
the  specimen  in  the  Brussels  Museum.  From  these  measurements,  M. 
Van  Beneden  concludes  that  this  species  of  whale  does  not  appear  to 
exceed  35  feet  in  length.  But  the  dimensions  of  the  specimen  now 
before  us,  which  is  obviously  not  an  adult,  would  lead  one  to  say 
that  this  animal  may  attain  a  length  of  40  feet,  or  even  more. 
V  Whilst  larger  than  B,  rostrata^  it  is  considerably  smaller  than  B. 

mtisctduSy  and  still  more  than  B,  sibhaldii. 

Spine, — ^The  vertebrse  numbered  in  this  specimen  fifty-six ;  and  as 
the  last  caudal  was  only  \^  inch  in  its  transverse  and  1^  in  its  antero- 
posterior diameter,  it  is  probable  that  all  the  vertebrae  were  secured. 
The  formula  was  as  follows  : — G*i^\4^\fi^\  =  56.     In  the  Leyden 

^y  specimen  there  were  also  fifty-six  vertebras,  the  two  last  caudals 

being  fused  together,  viz.,  CyD^g  or  j^,  L^g  or  j^,  Cd^Q.  Eudolphi 
states  that  the  Berlin  skeleton  had  fifty-four  vertebrsB,  though 
Eschricht  says  fifty-five,  and  one  was  probably  missing.  Lilljeborg 
states  that  the  young  skeleton  in  Bergen  had  fifty-five  vertebrsB, 
viz.,  CyDjgL^^Cdgi.  In  the  Brussels  specimen  the  terminal  caudals 
were  lost,  but  the  vertebrae  present  were  C^Dj^Lig,  and  fifteen 

^  caudals.     The  Bayonne  skeleton  had  only  fifty-four  vertebrae,  but 

the  animal  was  young,  and  the  two  terminal  caudals  were  probably 
not  ossified.  Fifty-six  is  probably,  therefore,  the  normal  number  of 
vertebrae,  and  of  these  fourteen  are  dorsal,  so  that  there  are  fourteen 
pairs  of  ribs,  which  is  the  number  present  in  my  specimen.  The 
vertebral  formula,  therefore  at  once  distinguishes  B,  horealis  from 
the  other  species  of  the  genus ;  for  in  B,  rodrata  the  formula  is 
C7DiiLi3Cdi7  =  48,  and  thpre  are  only  eleven  pairs  of  riba  In 
B.  musculus  the  formula  is  OjD^^j^fid^  =  62,  and  there  are,  as  a 
rule,  fifteen  pairs  of  ribs.  In  B.  sibhaldii  the  vertebrae  are  sixty- 
three  or  sixty-four,  and  the  formula  is  C^D^  or  ,g,  L^gCd^g,  and 
there  are  fifteen  or  sixteen  pairs  of  ribs.     Bcdcenoptera  horeaUa  is, 
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therefore,  intermediate  in  length,  in  the  number  of  its  vertebrae  and 
of  its  ribs  to  B.  roetrata  on  the  one  hand,  and  to  B.  musctdus  and 
B.  sibbaldii  on  the  other. 

The  seven  cervical  vertebrae  of  my  specimen  are  all  separate  bones, 
except  that  the  right  lateral  mass  of  the  atlas  is  anchylosed  to  the 
body  of  the  axis.  This  is  an  exceptional  arrangement  in  the  fin 
whales,  and  has  not  apparently  been  seen  in  any  of  the  other  skeletons 
of  horealia.  The  atlas  has  a  transverse  process,  short,  twisted,  and 
compressed  from  before  backwards,  and  a  median  backward>pro- 
jecting  ventral  process  corresponding  with  Professor  Flower's  de- 
scription of  the  Leyden  specimen.  The  ring  is  markedly  divided 
into  an  inferior  part  for  the  rudimentary  odontoid,  and  a  superior 
rachidian  part  by  a  process  projecting  inwards  on  each  sida  This 
character  is  also  well  seen  in  the  atlas  in  the  Museum  of  the  College 
of  Surgeons,  London.  The  height  of  the  atlas  is  10^  inches ;  that 
of  the  axis  13  inches.  The  extreme  transverse  diameter  of  the  atlas 
is  14^  inches ;  that  of  the  axis  2 If  inches.  The  axis  has  a  thick 
spine.  The  transverse  process  has  a  slender  upper  and  a  plate-like 
lower  limb,  which  unite  externally  to  form  a  broad  plate-like  process 
directed  backwards  and  outwarda  The  vertebrarterial  foramen  is 
only  If  by  2^  inches,  and  is  placed  near  the  upper  border  of  the 
process.  The  rachidian  ring  is  i\  by  3^  inches.  In  the  3rd  and 
4th  vertebras  the  vertebrarterial  foramen  is  completed  by  the  junc- 
tion externally  of  the  superior  and  inferior  limbs  of  the  transverse 
procesa  In  the  5th  vertebra  these  processes  are  separated  exter- 
nally by  an  interval  of  ^  inch ;  in  the  6th,  by  an  interval  of  1^  inch ; 
in  the  7th,  whilst  the  superior  limb  is  long  and  curved  down- 
wards and  outwards,  the  inferior  limb  is  represented  by  a  mere 
tubercle.  In  the  Leyden  specimen  the  vertebrarterial  foramen  is 
incompletely  bounded  in  the  2nd  to  the  7th  inclusive.  In 
the  Berlin  and  Bergen  skeletons  only  the  axis  has  the  foramen 
completely  bounded  by  bone.  In  the  Brussels  skeleton  only  the 
axis  and  3rd  vertebrsB.  The  ossification  is  therefore  more  ad- 
vanced in  this  region  in  my  specimen  than  in  these  other  skeletons. 

The  flat  surfaces  of  the  upper  transverse  processes  are  almost 
vertical ;  those  of  the  lower  transverse  process  of  the  6th  cervical  are 
almost  horizontal.  From  the  root  of  the  lower  transverse  process 
of  the  4th,  5th,  and  6th  a  stout  conical  process  projects  forwards. 


K: 


A  SPECIMEN  OF  RUDOLPHl'S  WflALE.  477 

The  dorsal  vertebiSB  increased  in  magnitude  from  before  back- 
wards. The  1st  had  a  yertical  diameter  to  the  summit  of  the 
spine  of  13^  inches,  and  a  transverse,  between  the  tips  of  the 
transverse  processes,  of  19^  inches.  The  last  dorsal  had  a  vertical 
diameter  of  22f  inches,  and  a  transverse  of  30  inches.  All  the 
dorsal  vertebrsB  were  marked  by  an  articular  surface  for  a  rib  at  the 
free  end  of  the  transverse  process.  They  were  not  keeled  on  the 
ventral  surface  of  the  body. 

The  lumbar  vertebrse  were,  as  a  rule,  somewhat  bigger  than  the 
hinder  dorsal,  and  reached  their  maximum  at  the  8th,  9th,  and 
10th.  The  9th  lumbar  had  a  vertical  diameter  of  24^  inches,  and 
a  transverse  of  31  inches.  Behind  the  10th  the  transverse  and 
spinous  processes  gradually  diminished  in  their  amount  of  projection 
V  as  they  passed  back  into  the  caudal  r^on,   and  in  the  12th 

vertebra  from  the  end  of  the  tail  the  transverse  process  was  repre- 
sented by  a  faint  ridge  on  the  side  of  the  body,  and  the  spine  was 
rudimentary.  In  the  9th  vertebra  from  the  end  of  the  tail  the 
spine  and  laminae  had  disappeared,  and  the  neural  canal  was  repre- 
sented by  a  groove,  which  was  faintly  seen  on  the  two  vertebrse 
^  next  behind,  and  then  disappeared.      In  the  12th  vertebra  from 

the  end  of  the  tail  a  foramen,  directed  vertically,  was  situated  at 
the  root  of  the  rudimentary  transverse  process,  and  a  similar  foramen 
was  found  in  the  caudals  up  to  and  including  the  18th  from  the 
end  of  the  tail.  This  arrangement  closely  resembles  that  figured  by 
Eudolphi  in  the  Berlin  skeleton.  The  lumbars  were  all  keeled  on 
the  ventral  surface  of  the  body,  though,  as  a  rule,  the  keel  wae 
slight  in  relation  to  the  size  of  the  bone. 

Eleven  chevron  bones  were  present  The  articulations  for  the 
chevron  bones  began  on  the  15th  vertebra  of  the  lumbo-caudal  series 
(counting  from  the  iront)  in  a  pair  of  surfaces  situated  at  the  pos- 
terior border  of  the  ventral  surface  of  the  body  of  that  vertebra ; 
and  distinct  articulations  for  these  bones  could  be  seen  as  far  back  as 
the  27th  lumbo-caudal  vertebra.  Hence  I  have  regarded  all  the 
vertebrse  behind  the  14th  lumbar  as  caudal  vertebrse.  In  the  1st 
caudal  the  ventral  keel  was  very  slight,  and  a  shallow  groove  was 
seen  posteriorly  between  the  articulations  for  the  1st  chevron  bone. 
The  caudals  behind  the  first  were  all  grooved  on  the  ventral  sur- 
face, and  the  groove  in  many  instances  possessed  considerable  depth. 
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The  spines  of  some  of  the  lumbar  and  the  more  anterior  caudalu  had 
sharp  bony  outgrowths  projecting  from  the  posterior  border. 

Ribs, — There  were  fourteen  pairs  of  ribs.  The  Ist  was  flattened, 
and  measured  in  a  straight  line  25^  inches  on  the  left  side  and  25 
inches  on  the  right ;  the  breadth  of  the  sternal  end  of  the  Ist  left 
was  4f  inche&  The  2nd  rib  was  37f  inches  long  on  the  left 
side  and  33^  inches  on  the  right  side.  The  ribs  increased  in 
length,  as  far  back  as  the  6th  rib,  which  measured  4  feet  3  inches 
in  a  straight  line;  from  the  7th  to  the  14th  they  diminished 
in  size,  and  the  Isjst  rib  was  2  feet  3  inches  in  length;  they 
were  slender  rod-like  bones.  All  the  left  ribs  were  separate  bones, 
but  the  right  1st  rib  was  fused  with  the  2nd  at  the  sternal  end, 
where  they  formed  a  plate  of  bone  13f  inches  broad.  The  breadth 
was  partly  due  to  a  broadening  of  the  sternal  end  of  the  2nd  rib, 
and  partly  to  the  formation  of  bone  in  the  1st  intercostal  space,  for 
a  distance  of  6  inches  from  the  sternal  end,  which  was  fused  with 
the  borders  of  both  the  1st  and  2nd  ribs,  and,  together  with  them, 
formed  the  broad  plate  above  referred  to.  On  the  3rd  and  4th 
ribs  well-marked  capitular  processes  extended  from  the  Yertebral 
articular  surface  towards  the  body  of  the  vertebra.  Eudimentary 
capitular  processes  were  present  on  the  2nd  and  5th,  but  were 
absent  oil  all  the  other  ribs. 

In  all  the  skeletons  of  B,  horealis  which  have  previously  been 
described,  the  1st  rib  had  the  peculiarity  of  possessing  two  heads. 
In  the  Leyden  specimen  the  cleft  which  separated  these  heads  from 
each  other  had  a  depth  of  5  inches  (Flower).  From  the  figure 
given  by  Eudolphi  of  this  rib  in  the  Berlin  skeleton,  it  is  probable 
that  the  cleft  had  a  similar  depth.  In  Lilljeborg's  Bergen  skeleton 
the  1st  pair  are  considerably  wider  than  the  others,  with  the  upper 
end  forked  or  "  biceps,"  and  the  lower  rather  dilated  and  much 
wider  than  the  upper.  In  the  Brussels  skeleton,  as  figured  by  Van 
Beneden,  one  of  the  first  ribs  has  the  same  character,  and  in  the 
Museum  of  the  Eoyal  College  of  Surgeons  of  England  are  the  first  ribs 
of  two  individuals  of  this  species,  which  are  also  bicipital.  M.  Fischer 
does  not  describe  the  skeleton  of  the  Bayonne  specimen,  but  notes 
that  the  spinal  end  of  the  1  st  rib  is  bicipital  M.  Van  Beneden  had  the 
advantage  of  seeing  the  ribs  in  place  before  the  flesh  was  removed. 
He  states  that  on  the  right  side  an  elongated,  compressed  movable 
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bone,  curved  like  a  rib,  was  applied  to  and  articulated  with  the 
anterior  surface  of  the  Ist  true  rib,  and  on  the  left  side  a  similar 
rudimentary  rib  was  present,  which  was  fused  with  the  body  of  the 
first  true  rib,  so  as  to  give  it  a  bicipital  appearance.  Both  Pro- 
fessors Flower  and  Van  Beneden  regard  this  supplementary  part  of 
the  1st  rib  as  a  cervical  rib,  so  that  the  double  vertebral  end  of 
this  rib  articulates  with  both  the  7th  cervical  and  1st  dorsal 
vertebrae.  In  my  skeleton  no  supplementary  cervical  rib  was  pre- 
sent. The  two  ribs  which  were  fused  together  on  the  right  side,  at 
the  sternal  end,  were  the  1st  and  2nd  thoracic  ribs,  and  differed 
therefore  from  the  condition  described  in  the  other  skeletons.  The 
constancy  with  which  the  bicipital  form  of  the  1st  rib  had  been 
seen,  in  the  skeletons  of  this  animal  previously  described,  had  given 

V  rise  to  the  impression  that  it  might  almost  be  regarded  as  a  specific 

character,  and  the  late  Dr.  J.  E.  Gray  even  went  so  far  as  to  give 
it  generic  importance,  and  named  Eudolphi's  whale  Rudolphivs 
laticeps.  ^  In  a  criticism  which  I  made  some  years  ago  on  the  value 
of  this  character  for  purposes  of  classification,  ^  I  argued  that  the 
presence  of  a  cervical  rib,  whether  blended  or  not  with  the  1st 

^  thoracic  rib,  was  only  an  individual  variation,  and,  as  cervical  ribs 

occasionaUy  occur  in  men  as  well  as  in  whales,  that  one  should  as 
little  think  of  classifying  men  who  possess  cervical  ribs  as  distinct 
from  those  who  do  not  possess  them,  as  found  a  genus  of  whales 
on  the  presence  of  these  bones.  The  absence  of  a  cervical  rib  in 
the  skeleton  now  described,  which  is  an  undoubted  specimen  of 
B,  borecUis  or  laticeps,  shows  that  the  bicipital  form  of  the  Ist  rib 

^  IB  not  constant  in  this  species ;  but  as  the  majority  of  the  skeletons 

which  have  been  examined  have  two  heads  to  this  rib,  its  bicipital 
character  would  seem  in  this  animal  to  be  the  rule,  and  not,  as  in 
man,  the  exception. 

SIMl — The  skull  resembled,  both  in  its  general  configuration 
and  in  detail^  the  figures  of  the  skulls  of  this  animal  published  by 
Eudolphi  and  Van  Beneden.  The  sides  of  the  beak  were  straight ; 
the  premaxillaries  projected  6  inches  beyond  the  superior  maxillaries. 
The  upper  surface  of  each  nasal  bone  was  8^  inches  long,  flattened 

^  CcUcUogiie  of  Seals  arid  Whales,  and  Supplement. 

'  The  80-calIed  two-headed  ribs  in  Whales  and  in  Man,  Journal  of  Anat, 
and  Phys.  vol.  v. 
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in  the  posterior  third,  but  slightly  concave  in  the  anterior  two- 
thirds,  owing  to  the  inner  border  of  that  part  of  the  bone  being  nised 
into  a  low  longitudinal  ridge.  The  anterior  borders  of  the  two  bones 
were  truncated,  and  formed  together  almost  a  straight  line.  The 
breadth  of  each  bone  at  its  posterior  end  was  1  inch,  and  at  its 
anterior  end  2^  inches.  The  premaxilla  passed  back  as  a  thin  plate 
between  the  nasal  and  superior  maxilla,  as  far  as  the  posterior  end  of 
the  nasal.  The  superior  maxilla  passed  back  for  3  inches  beyond 
the  posterior  end  of  the  nasaL 

The  orbital  border  of  the  frontal  bone  was  14  inches  in  length ; 
the  antero-posterior  diameter  of  the  inner  part  of  this  bone  was 
16  inches.  The  anterior  borders  of  this  bone  sloped  outwards  and 
slightly  backwards,  whilst  the  posterior  border  was  almost  trans- 
verse. 

The  anterior  border  of  the  occipital  bone  was  10^  inches  wide, 
and  almost  transverse ;  the  posterior  border  was  31  f  inches,  and 
presented  on  each  side  from  the  foramen  magnum  outwards  two  con- 
cavities separated  by  an  intermediate  convexity. 

The  malar  was  12  inches  long,  inclusive  of  the  thin  plate  between 
the  lachrymal  and  superior  maxilla;  the  part  which  formed  the 
proper  lower  boundary  of  the  orbit  was  8  inches.  The  lachrymal, 
8^  inches  long,  was  a  thin  plate  of  bone  except  at  the  anterior  end, 
which  was  tuberculated. 

The  beak  arched  in  the  antero-posterior  direction  from  base  to 
tip,  and  the  highest  point  of  this  arch  was  5  inches  above  the  chord 
of  the  arc. 

The  mandible  was  not  strongly  curved.  The  length  of  the  lower 
jaw  in  a  straight  line  was  8  feet  5^  inches ;  and  along  the  outer 
convex  surface  8  feet  8  inches.  The  superior  border  was  11  inches 
•nt  its  farthest  point  from  the  chord  of  the  arc.  The  coronoid  process 
was  low  and  triangular,  its  base  was  8|  inches  long,  and  its  height 
from  the  base  line  was  3|  inches.  The  depth  of  the  mandible, 
including  the  coronoid  process,  was  llf  inches. 

The  hyoid  closely  resembles  Eudolphi's  figure,  and,  as  it  has  not 
hitherto  been  properly  described,  and  is  so  characteristic  of  this 
species,  I  shall  give  an  account  of  it.  The  inferior  surface  of  the 
middle  of  the  body  was  slightly  concave  from  side  to  side,  and 
slightly  convex  from  before  backwaixia     The  posterior  border  of 
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the  body  was  conyez,  and  projected  backwards  considerably  behind 
a  line  drawn  across  between  the  posterior  border  of  the  two  great 
comua  In  this  character  it  differed  very  markedly  from  both  B. 
dbhaldU  and  B.  mtufculus.  The  great  comu  was  flattened  on  its 
upper  and  slightly  convez  on  its  under  surface,  with  the  anterior 
border  a  little  more  rounded  than  the  posterior ;  its  antero-posterior 
diameter  was  almost  uniform  until  near  the  tip.  In  B,  eibbcUdii, 
again,  the  great  comu  swelled  out  so  as  to  assume  a  remarkable 
fusiform  shape,  and  to  a  less  degree  this  is  also  seen  in  B.  musctdtis. 
The  stylo'^hyals  were  flattened  on  both  surfaces  and  13^  inches 
long.  The  hyoid  measured  between  the  tips  of  the  great  comua  21 
inches. 

The  following  table  gives,  in  feet  and  inches,   the  principal 
4imensions  of  the  skull : — 


FT.       IN. 


From  anterior  bolder  of  foramen  magnum  over  vertex  to 
tip  of  beak    ^  »  .  .  .  . 

From  nasal  end  of  superior  maxilla  to  tip  of  beak  . 

From  anterior  border  of  foramen  magnum  to  nasal  end  of 
superior  maxilla        ..... 

Breadth  across  posterior  ends  of  superior  maxillse  . 

Greatest  breadth  of  skull     ..... 

Breadth  of  skull  at  base  of  beak      .... 

Breadth  of  skull  at  middle  of  beak 

Breadth  of  skull  between  middle  of  orbital  borders  of 
frontals  .  .  .  .  . 

Length  of  skull  in  a  straight  line  (condylo-premaxillary)  . 

Length  of  beak        .  .  .  .  ^  . 

Length  of  superior  maxilla  .... 

Length  of  premaxilla  ..... 

Greatest  breadth  of  superior  maxilla  behind  base  of  beak  . 

Greatest  breadth  between  outer  borders  of  both  premaxill» 

Greatest  breadth  of  space  between  both  premaxillse 

From  foramen  magnum  to  upper  border  of  occiput 


I  have  compared  the  tympanic  bones  with  those  of  B,  roetrata — 
the  smallest — and  B»  sibbcddn — the  laigest — of  the  fin  whales. 
Their  dimensions  expressed  in  inches  were  as  follows : — 

Immature.     Adolescent.     Immature.       Adolescent. 
B.  rostrcUa,   B,  borealis,    B,  SibhaLdiL    B.  SMaldii. 

Length,    .  8*5  4'8  47  6*3 

Breadth,  .  1'8  2*2  2*5  2*6 

VOL.  XVL  2  I 
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Inl  B,  rostrata  the  breadth  index  was  51,  in  horealia  46.  The 
greater  relative  breadth  of  rostrata  was  due  to  both  the  outer  and 
inner  surfaces  being  generally  more  convex ;  but  the  anterior  part 
of  the  outer  surface  of  rostrata  possessed  a  concave  area  more  dis- 
tinctly marked  than  in  borealis.  In  rostrata  the  superior  border 
between  the  two  attachments  of  the  petrosal  was  more  horizontal 
than  in  borealis^  and  in  the  same  specimen  the  posterior  attachment 
of  the  petrosal  was  nearer  the  hinder  end  of  the  bone,  which  was 
more  rounded  in  rostrcUa  than  in  borealis.  In  rostrata  the  entrance 
to  the  tympanic  cavity  was  relatively  wider,  with  the  rounded  border 
relatively  thicker;  whilst  the  inferior  border  was  less  distinctly  keeled 
than  in  borealis.  In  the  adolescent  B.  sibbaldii  the  tympanic  was 
broader  in  relation  to  the  length  than  in  horealisy  and  this  greater 
relative  breadth  was  still  more  strongly  marked  in  the  immature 
sibbaldii,  the  breadth  indices  in  the  two  specimens  being  respec- 
tively 49  and  53.  The  greater  breadth  of  sibbaldii  was  especially 
seen  in  the  posterior  third  of  the  bone,  which  bulged  considerably 
on  the  inner  surface  in  sibbaldiiy  and  was  almost  flat  in  borealis. 
This  bulging  caused  a  broadish  concave  surface  at  the  root  of  the 
posterior  attachment  of  the  petrous  bone  in  sibbaldii^  whilst  the 
corresponding  area  in  borealis  was  a  narrow  groove.  In  sibbcUdii 
the  entrance  to  the  tympanic  hoUow  was  more  sinuous,  and  the 
rounded  border  of  the  bone  much  thicker  than  in  borealis.  In 
sibbaldii  the  anterior  and  posterior  ends  were  less  attenuated  than 
in  borealis.  Through  these  characters  there  was  no  difficulty  in 
distinguishing  between  the  tympanies  of  these  species,  and  the 
character  which  most  impressed  me  in  making  this  comparison  was 
the  relative  want  of  breadth  of  borealis,  I  have  not  a  tympanic 
bone  of  B,  muscultis  at  hand  with  which  to  compare  my  specimen, 
but  from  my  recollection  of  a  specimen  I  saw  in  the  Boyal  Museum, 
Brussels,  in  May  of  last  year,  I  should  say  that  in  musciUus  the 
tympanic  had  a  greater  breadth  than  in  borealis. 

Pectoral  Limb, — The  scapula  was  a  triangular  plate,  measuring 
29  inches  between  its  superior  and  inferior  angles,  and  17^  inches 
in  its  glenoido-vertebral  diameter.  The  coracoid  was  |  inch  long, 
and  2^  in  its  greatest  breadth.  The  acromion  was  6f  inches 
long,  and  4  in  its  greatest  breadth.  The  humerus  was  only  11 
inches  long,  and  1  foot  2^  inches  in  circumference  at  the  middle  of 
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the  sliaffc,  the  surfaces  of  which  weie  somewhat  flattened.  The 
uhia  was  11  inches  long,  5f  broad  at  the  upper  end,  measured 
across  the  olecranon,  3^  at  the  lower  end,  and  only  2^  in  breadth  in 
the  middle  of  the  shaft.  The  radius  was  20^  inches  in  length,  and 
with  much  less  difference  in  breadth  between  the  upper  and  lower 
ends  and  the  middle  of  the  shaft  than  was  seen  in  the  ulna. 

Thirteen  carpal  bones  were  present,  and  one  was  probably  missing. 
Five  pairs  of  these  bones  were  nodular,  in  part  tuberculated  on  the 
surface,  and  in  part  with  flattened  articular-looking  surfaces,  well 
marked  in  four  pairs,  very  imperfect  in  one  pair.  One  pair  and  the 
single  bone  were  flattened,  elongated,  and  uniformly  tuberculated, 
without  any  appearance  of  an  articular  suz£Etca 

Thirty-three  flnger  bones  were  present^  and  some  of  the  smaller 
^  phalanges  were  either  unossifled  or  probably  missing. 

The  comparison  which  I  have  so  far  made  of  the  Bo'ness  whale 
with  other  specimens  has  been  with  skeletons  admittedly  those  of 
B,  borealis,  and  obtained  in  the  North  Atlantic.  But  in  the  Leyden 
Museum  is  a  skeleton  brought  from  the  north-west  coast  of  Java, 
named,  after  Professor  Schlegel,  Baksnoptera  Sehlegelii^  which 
"i  Professor  Flower,  who  first  described  it,  regarded  as  closely  allied 

to,  if  not  specifically  identical  with,  B,  borealis,  though,  on  account 
of  its  kabiiatf  he  had  a  difliculty  in  placing  it  with  hoi^ecdis^  This 
skeleton  was  more  perfectly  ossified  than  in  my  specimen,  and 
belonged  to  an  animal  probably  about  45  feet  long.  I  have  com- 
pared my  skeleton  with  Professor  Flower's  description  and  figures, 
and  with  the  additional  description  and  illustrations  of  its  skeleton 
^  in  PL  XrV.  and  XV.,  and  on  p.  221  of  the  Ogieographie  dea 

CetctoSs,  and  without  doubt  the  resemblance  is  in  many  particulars 
very  striking. 

The  mandible  with  its  low  coronoid  process,  the  profile  outline  of 
the  skuU,  the  flattsned  stylo-hyals,  the  general  form  of  the  tympanic, 
the  cervical  vertebrse,  the  general  form  of  the  dorsals  and  lumbar  & 
^the  latter  with  their  spiculated  spines),  the  scapula,  the  humerus, 
radius  and  ulna,  all  closely  corresponded.  The  Java  specimen 
possessed  also  fourteen  pairs  of  ribs  and  fifty-four  vertebrae, 
Cy  Di^  Li4  Cdj^,      Professor   Flower   thinks   that   three  or   four 

^  Proc,  Zool,  Soc.,  London,  Nov.  8,  1864. 
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caudals  are  wanting,  but  Professor  Van  Beueden  considers  only  one 
or  two  are  missing. 

On  the  other  hand,  the  nasal  bones  are  obviously  flatter  and 
longer;  the  antero-posterior  diameter  of  the  orbital  border  of  the 
frontal  is  relatively  not  so  long ;  the  double  curve  of  the  posterior 
border  of  the  occipital  is  not  so  marked,  and  its  base  is  wider  (Van 
Beneden)  in  SMegdiz  than  in  borealis.  Again,  my  specimen  does 
not  have  a  pair  of  strong  tubercles  projecting  from  the  posterior 
border  of  the  body  of  the  hyoid,  as  in  the  Java  specimen,  and  the 
first  rib  is  not  bicipital. 

Some  of  these  differences  may  be  due  to  the  more  advanced 
ossification  of  the  Java  skeleton,  and  the  longer  and  stronger  spines 
of  the  dorsal  and  lumbar  vertebrsa,  which  M.  Van  Beneden  refers 
to,  are  obviously  due  to  the  same  cause.  The  greater  length  of  the 
Java  skeleton  has  not  the  importance  which  Van  Beneden  attaches 
to  it,  as  I  have  already  maintained  that  horealia  may  attain  a 
length  of  40  feet  or  upwards,  and  the  ribs  in  the  Java  specimen 
corresponded  in  number  with  those  in  my  skeleton. 

At  the  time  when  Professor  Flower  wrote  his  description,  there 
was  a  greater  tendency,  on  the  part  of  cetologists,  to  Hmit  the  area  of 
distribution  of  the  individual  species  of  cetacea,  than  now  exists,  and 
to  confer  specific  value  upon  specimens  which,  though  in  many 
respects  similar  in  characters,  yet  came  from  distant  seas.  The 
wider  range  of  distribution  of  some  of  the  species  of  the  marine 
mammals  is  now  more  generally  recognised,  and  the  remoteness  of 
the  habitat  of  SchlegePs  Batcenoptera  ought  not,  if  the  anatomical 
arrangements  correspond,  to  bar  its  association  with  B,  borealu^ 
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NOTE  ON  THE  ANATOMY  OF  THE  THYROARYTENOID 
MUSCLE  IN  THE  HUMAN  LARYNX.  By  S.  G.  Shattock, 
CuratoTj  Museumy  University  College,  London. 

In  1855  Munuel  Garcia^  recorded  an  observation  on  the  anatomy  of 
the  thyro-arytenoid  muscle,  which  in  his  own  words  was  as  follows  : — 
*^  If  we  cut  away  the  horizontal  bundle  ^  in  successive  layers,  we  see 
thatt  he  fibres  are  not  all  of  the  same  length.  ...  As  the  fibres  all 
be)(in  from  the  arytenoid,  and  terminate  successively  at  more  distant 
points  of  thecrioo-thyroid  membrane,  we  see  that  the  muscle  is  thicker 
behind  than  before.  .  .  .  The  remarkable  arrangement  of  the  fibres 
which  we  have  just  examined  enables  us  to  explain  a  fundamental 
fact — ^the  elevation  of  the  voice.  The  fibres  of  the  horizontal  bundle 
being  placed  over  each  other  in  layers,  one  covering  the  other,  and 
getting  longer  and  longer  as  they  become  more  external,  extend  their 
action  to  the  more  anterior  edge  of  the  glottis,"  &c 

Ludwig*  in  1857,  quoting  portions  of  this  paper,  similarly  describes 
the  anatomy  of  the  muscle,  and  names  the  particular  portion  which 
terminates  on  the  cord  the  "ary-vocalis."  Both  Henle^  and  Luschka'^ 
refer  to  the  description  of  Lud wig's,  Luschka  asserting,  however,  that 
the  muscular  fibres  extend  for  the  entire  length  of  the  vocal  ligament, 
from  the  thyroid  to  the  arytenoid  cartilage. 

At  M.  Garcia's  request,  I  made  a  careful  dissection  to  test  if  possible 
the  accuracy  of  his  own  description,  which  I  am  able  to  confirm. 

The  dissection  is  best  conducted  on  one  of  the  halves  of  the  bisected 
larynx.  The  ala  of  the  thyroid  being  removed,  except  for  a  strip 
by  the  middle  line,  and  the  inner  division  of  the  thyro>arytenoid  made 
tense,  by  fixing  the  parts  on  wax,  the  muscle  may  be  dissected  with 
entomological  forceps  beneath  spirit. 

The  parts  being  dissected  from  the  outer  side,  those  fibres  are  first 
demonstrated  which  pass  from  the  arytenoid  cartilage  directly  across 
to  the  thyroid.  The  same  dissection  will  display  fibres  attached  to 
the  lateral  and  lower  portion  of  the  crico-thyroid  membrane,  which 
lie  in  continuous  series  with  the  fibres  of  the  crico-arytenoideus 
lateralis  and  are  continued  above  into  the  horizontal  fasciculi  of  the 
thyro-arytenoideus  intemns,  of  which  they  may  be  regarded  as  a 
portion.  On  teasing  the  fibres  from  the  thyroid  cartilage,  a  deeper 
sheet  is  exposed,  of  which  the  elements  terminate  in  distinct  tendons 
which  reach  the  thyroid;  and  as  these  are  removed^  deeper  sets 
will  be  found  to  terminate  in  the  vocal  cord  and  posterior  portion 
of  the  crioo-thyroid  membrane,  at  shorter  distances  the  more  deeply 
they  are  placed,  this  differential  insertion  being  very  distinct  on  the 
vocal  cord,  in  which  the  deepest  set  of  muscular  fibres  are  firmly 
inserted  in  front  of  the  processus  vocalis  of  the  arytenoid  cartilage. 

^  Proe,  Rtjy.  Soe.  voL  vii.  p.  406. 

^  Thyro-arytenoideus  internus  of  Henle.  *  Phyaiologie,  p.  667. 

"*  Anatomiey  vol.  ii.  p.  263. 

*  Der  Kehlkopfdes  Menachen,  1871,  p.  120. 
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EEPOET  OP  OBSERVATIONS  made  by  Professor  H.  Kuonbokbr 
AND  HHrn.  F.  Falk  and  S.  Mbltzer  on  the  mechanism 
AND  INNERVATION  of  DEGLUTITION.  By  J.  MKJrbgobt 
Robertson,  M.A,  M.R,  MuirJiead-DemanstrcUor  of  Phynology 
in  Glasgow  University, 

When  working  last  year  in  the  Physiological  Institute  of  Berlin,  I 
had  the  opportunity  of  witnessing  several  interesting  experiments 
performed  by  Professor  Kronecker  and  Mr.  Meltzer,  in  their  research 
on  the  Mechanism,  &c.y  of  Swallowing.     Some  of  the  results  obtained  ^ 

were  so  remarkable,  and  varied  so  considerably  from  generally 
accepted  views  on  the  subject,  that  I  willingly  undertook,  with  Dr. 
Kronecker's  sanction,  to  put  together  the  results  he  had  communi- 
cated, at  various  times,  to  the  Berlin  Physiological  Society  in  the 
shape  of  an  article  to  one  of  the  EngUsh  journals  of  physiology.  In 
this  paper  I  have,  therefore,  collected  the  facts  and  conclusions  con- 
tained in  several  communications  from  the  Berlin  laboratory,  the  % 
references  being  given  in  the  proper  place. 

Falk  and  Kronecker  ^  first  pointed  out  that  the  doctrine,  that  the 
portion  of  food  or  drink,  which  had  reached  the  pharynx,  was  con- 
ducted thence  into  the  stomach  by  peristaltic  action,  was  insufficient 
The  peristaltic  action  alone  would  not  account  for  the  speed  with 
which,  e.g.y  a  draught  of  water  passes  from  the  mouth  to  the  stomach. 
They  compare  the  pharynx  to  the  barrel  of  a  syringe,  the  piston  of 
which  is  the  root  of  the  tongue.  In  the  normal  act  of  swallowing 
the  space  becomes  air-tight,  whereupon  by  the  quick  contraction  of 
the  striated  muscles  the  bolus  or  draught  is  forced  in  the  direction  of  i^< 

least  resistance,  t.6.,  down  the  flaccid  oesophagus.  Where,  owing  to 
the  size  of  the  draught,  the  resistance  presented  by  the  oesophagus  is 
reduced  to  a  minimum,  the  draught  may  actually  reach  the  stomach 
before  the  peristaltic  action  coald  make  itseK  e£fective. 

To  prove  the  analogy  to  the  action  of  a  syringe,  a  water  manometer 
was  connected  by  indiarubber  tubing  with  a  bent  glass  tube.  The 
open  end  of  the  glass  tube  was  passed  under  the  velum  to  the  root  of 
the  tongue.  On  swallowing  there  occurred  an  increase  of  the  pressure 
in  the  manometer,  followed  by  a  decrease,  the  latter  corresponding  to 
the  return  of  the  root  of  the  tongue  to  its  original  position.  If  the 
glass  tube  be  provided  with  two  open  ends,  one  communicating  with 
the  atmosphere,  no  variation  in  pressure  occurs  on  the  act  of  swallowing, 

1  Verhtmd.  der  Physiol,  GeselL  zu  Berlin,  No.  13  (1879-80),  S.  82. 
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because  the  compressed  air  escapes,  and  fluid  cannot  now  be  swallowed 
in  the  ordinary  way.  If  the  end  open  to  the  air  be  stopped,  the 
variation  of  pressure  returns,  and  swallowing  again  becomes  easy. 
Exactly  similar  results  were  obtained  in  dogs.  The  attempt  was 
made  on  dogs  to  show  that  the  chief  factor  in  this  compression 
action  was  the  tongue,  and  the  tongue  was  paralysed  by  section  of  the 
faypogloesi.  Swallowing  was  still  possible,  though  evidently  under 
difficulties.  It  was  observed,  however,  that  the  tongue  in  this  cas3 
was  passively  pressed  upwards  by  elevation  of  the  larynx.  When 
this  was  prevented  by  mechanicaUy  fixing  the  larynx,  water  poured 
into  the  mouth  could  no  longer  be  swallowed.  For  these  reasons  the 
following  law  was  formulated : — ''  That  the  act  of  swallowing  proper, 
at  least  in  men  and  dogs,  is  effected  by  the  quick  contraction  of 
striated  muscles." 

The  next  point  to  determine  was  whether,  by  experiments,  the 
relation  between  the  action  of  the  striated  muscles  and  peristalsis 
could  be  shown.  After  some  trouble,  Herr  Meltzer  was  able  to  settle 
this  by  experiments  performed  on  himself.  ^  An  oesophageal  tube  was 
taken,  to  which,  at  different  distances,  were  attached  two  air  capsules, 
on  the  same  principle  as  Marey's  heart  sound.  These  capsules  were 
brought  into  communication  with  a  Marey's  tambour,  from  which  a 
marker  projected  on  to  a  kymographion  cylinder,  rotating  at  a 
moderate  rate.  The  tube  was  then  introduced  by  Herr  Meltzer  into 
his  oesophagus,  in  such  a  way  that  the  first  air  capsule  was  within  the 
region  of  the  constrictors,  while  the  second  was  further  doMm — deeper 
in  the  oesophagua  A  draught  of  water  was  then  swallowed.  As  it 
passed  each  capsule  it  compressed  the  air  and  caused  a  mark  to  be 
made  on  the  rotating  cylinder.  Two  marks,  consequently,  were  made, 
one  signifying  the  moment  the  water  passed  capsule  1,  the  other 
signifying  the  moment  the  water  passed  capsule  2.  It  was  found 
that  these  marks  followed  one  another  so  quickly,  that  on  a  slowly- 
moving  cylinder  their  time  difference  could  not  be  estimated,  but  it 
could  not  be  greater  than  ^th  of  a  second.  After  several  seconds  a 
second  mark  followed  the  first,  caused  by  compression  of  the  air  in 
the  deeply  placed  capsule.  The  mark  was  such  as  to  indicate  that 
the  compression  was  slowly  developed  and  lasted  longer.  It  was 
evidently  due  to  the  peristalsis.  The  further  down  into  the  oesophagus 
l^he  second  capsule  was  removed  from  the  first,  placed  in  the  constrictor 
region,  the  longer  the  mark  due  to  peristalsis  took  to  show  itself,  while 
the  time  of  appearance  of  the  mark  due  to  the  passage  of  the  water 
was  not  sensibly  increased.  The  peristaltic  mark  also  became  larger 
the  more  deeply  the  capsule  was  introduced ;  that  is  to  say,  the  pres- 
sure became  greater  in  the  deep  portions  of  the  oesophagus.  The 
pressure  was  specially  noticed  to  increase  when  the  capsule  had  been 
forced  beyond  the  limit  of  the  first  third  of  the  length  of  the 
ceeophagus.  HHnL  Kronecker  and  Mielteer,  therefore,  believe  that  at 
this  point  between  the  first  and  second  thirds  of  the  length  of  the 
gullet  the  transition  takes  place  from  striated  to  unstriated  muscle. 

1  Op,  cU,  Na  18  (1880),KS.  104. 
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It  thus  appeared  that  a  draught  of  water  passed  down  the 
oesophagus  in  a  small  fraction  of  a  second,  while  the  peristaltio 
movement  took  several  seconds  to  traverse  the  same  distance,  the 
water  reaching  the  stomach  in  about  0*1  second,  and  the  peristalsis 
taking  about  seven  seconds.  That  the  water  passes  so  quickly  was 
verified  in  the  following  way  : — ^A  piece  of  litmus  paper  was  pushed 
into  an  ordinary  cesopha^eal  tube  till  it  appeared  at  the  side  openings 
near  the  blind  end,  the  paper  being  fastened  to  a  thread  passing  down 
the  tube.  The  tube  was  then  introduced  into  the  gullet  so  far  that 
it  took  the  peristaltio  wave  five  seconds  from  the  beginning  of 
swallowing  to  reach  the  end  of  the  tube.  A  draught  of  vinegar  was 
then  taken,  and,  in  not  more  than  half  a  second  after  swallowing,  the 
litmus  paper  was  pulled  out  by  the  thread.  The  paper  was  distinctly 
red,  showing  that  in  the  half  second  the  vinegar  had  passed  as  far 
down  as  the  situation  of  the  paper.  In  the  further  observations  the 
double  capsule  was  discarded,  and  an  oesophageal  tube  was  used„ 
which  had  a  small  fine  caoutchouc  ball  tied  over  the  blind  end,  and 
which  was  connected  as  before  with  a  Marey's  tambour  and  recording 
cylinder.  By  employing  the  simpler  form  of  instrument,  Herr 
Meltzer  ^  found  that  in  the  uppermost  portion  of  his  oesophagus  the 
peristaltic  contraction  did  not  appear  till  1  second  after  the  beginning 
of  deglutition,  lasting  there  2  to  3  seconds ;  it  had  not  reached  the 
middle  portion  of  the  gullet  for  about  3*5  seconds,  where  it  lasted  5 
to  8  seconds,  arriving  in  the  neighbourhood  of  the  diaphragm  after 
from  5*5  to  7  seconds,  and  lasting  8  to  9  seconds.  The  speed  of 
propagation  of  the  peristaltic  waves  thus  varies  in  different  regions  of 
the  oesophagus.  Mosso^  has  shown  that  the  waves  can  be  propagate^ 
even  though  a  complete  ring  be  cut  out  of  the  gullet,  probably  because 
the  irritation  is  conducted  in  nerve  tracts  lying  outside  its  walls. 

Kronecker  and  Meltzer  deem  it,  therefore,  probable  that  there  are 
four  heaps  of  nerve  ganglia,  the  uppermost  of  which  releases  the  first 
act  of  swallowing,  and  the  lowermost  three  of  which  are  capable  of 
being  excited,  e,g,y  by  eructation,  without  this  first  act. 

The  most  interesting  of  the  experiments  performed  in  the  research 
were  those  showing  the  nature  of  the  innervation  of  deglutition. 
The  animal  (a  dog  or  rabbit)  having  been  narcotised,  the  superior 
laryngeal  and  glosso^pharyngeal  nerves  were  exposed  and  laid  over 
electrodes  from  Du  Bois'  inductorium,  a  dissection  at  the  same  time 
being  made  to  show  clearly  the  larynx  and  the  oesophagus.  On 
stimulation  of  the  laryngeal  nerve  the  larynx  was  pulled  up  as  in  the 
first  act  of  swallowing,  this  being  shortly  afterwards  followed  by  a 
peristaltic  wave  passing  down  the  oesophagua  When,  however,  the 
laryngeal  and  glosso-pharyngeal  nerves  were  simultaneously  irritated,^ 
no  such  movements  were  seen  to  occur ;  that  is  to  say,  the  stimula- 
tion of  the  glosso-pharyngeal  inhibited  the  movement  of  deglutition 
that  is  produced  by  irritation  of  the  superior  laryngeal     More  than 

^  Ueber  den  Schluckmechanismus  ni^d  dessen  nenrose  Hemmang.  Der 
Jfonatiberieht  cter  Konigl,  Akad.  der  Wissensch,  zu  Berlin^  24th  Jan.  1881. 

'  Holeschott's  UnUrsuchungen  zwr  NcUurlehre  des  Mentchen  und  der  Thiere^ 
Bd.  xi  heft  i,  No.  xvii. 
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that,  if  the  laryogeal  be  stimalated,  and  if  thereafter,  as  soon  as  the 
upward  movement  of  the  larynx  is  observed,  a  stimulus  be  applied  to 
the  glosso-pharyngeal,  the  movement  of  the  oesophagus  is  restrained  ; 
that  is  to  say,  the  glosso-pharyngeal  is  capable  of  inhibiting  the  move- 
ments of  deglutition  even  after  the  first  stage  of  these  movements  is 
initiated. 

This  inhibitory  arrangement  Herr  Meltzer  showed  in  another  way 
by  experiments  performed  on  himsell  Having  introduced  the 
oesophageal  tube  with  its  transmitting  ball,  he  performed  a  series  of 
acts  of  swallowing  quickly,  one  after  the  other,  by  drinking  a  glass  of 
water.  The  registering  apparatus  showed  no  indication  of  the  peris- 
taltic wave  until  the  last  act  of  the  series  had  been  performed,  and  the 
time  of  the  appearance  of  the  wave  was  the  same  as  it  would  have 
been  had  this  last  act  been  the  only  one.  In  fact  one  act  of  swaUow- 
ing  had  inhibited  the  peristalsis  of  the  immediately  preceding  one. 
The  contraction,  however,  following  the  first  act  could  not  be  cut 
short  if  it  had  already  made  its  appearance  before  the  second  act  of 
swallowing  occurred.  But  the  wave  following  the  second  act  did  not 
appear  earlier  than  it  would  have  done  had  that  act  been  performed 
not  until  the  first  act,  and  its  consequent  peristalsis,  had  been  com- 
pletely accomplished. 

Complete  section  of  the  glosso-pharyngeal  causes  the  oesophagus  to 
fall  into  tonic  spasm,  which  may  last  longer  than  one  day. 

The  act  of  swallowing  was  found  to  have  an  influence  also  on 
respiration,  the  heart,  and  blood  pressure.^ 

If  one  holds  his  breath  as  long  as  possible,  till  in  fact  the  desire  to 
breathe  becomes  irresistible,  and  then,  without  having  drawn  breath, 
proceeds  to  drink  a  glass  of  water,  he  wiU  find  all  desire  to  breathe 
passes  completely  away  during  deglutition.  As  soon  as  the  sw^allow- 
ing  is  stopped,  a  prolonged  and  deep  inspiration  follows ;  and  if  the 
pidse  be  observed  it  will  be  found  that  its  rapidity  is  greatly  increased 
during  the  series  of  swallowing  acts.  .  During  each  act  the  blood 
pressure  falls  in  the  aortic  system.  The  explanation  offered  is  that 
inhibitory  influences  reach  the  medulla  through  the  glosso-pharyngeal, 
and  extend  to  the  vagus  fibres  which  excite  inspiration,  and  to  fibres 
of  the  same  nerve  which  inhibit  the  movement  of  the  heart,  as  well 
as  to  the  vasomotor  centre.  The  main  points  shown  by  this  research 
are,  therefore,  these : — 

1.  Deglutition  is  effected  by  the  quick  contraction  of  striated 
muscles,  a  draught  of  water  reaching  the  stomach  even  before  the 
peristalsis  appears. 

2.  The  glosso-pharyngeal  exercises  an  inhil^tory  influence  on  deglu- 
tition. 

3.  The  movements  of  deglutition  diminish  the  need  of  respiration. 

4.  Movements  of  deglutition  increase  the  activity  of  the  heart  by 
restraining  the  action  of  the  vagus ;  they  also  inhibit  the  action  of 
the  vasomotor  centre. 

^  See  a  paper,  translated  by  me  for  Prof.  Eronecker,  in  the  Proceedings  of  the 
BoycU  Society,  London,  vol.  xxxiii.  No.  216»  "On  the  Propagation  of  Inhibitory 
Excitation  in  the  Medulla  Oblongata." 
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THE  SPLENIC  SYSTOLE. 

Dr.  C.  S.  Rot  {Journal  of  Phyeiologyj  vol.  iii  No.  3),  in  a  series  of 
experiments  made  in  the  Cambridge  Physiological  Laboiatory  with  an 
instrument  (the  oncometer,  or  bulk  measurer),  invented  by  him,  has 
tested  the  changes  in  volume  which  take  place  in  certain  organs  under 
varying  conditions.  He  first  found  that  an  excessively  minute  change 
in  the  rapidity  of  the  urinary  secretion  was  invariably  accompanied  by 
an  increase  in  the  calibre  of  the  renal  vessels,  causing  a  very  evident 
rise  in  the  line  which  represented  the  volume  of  the  kidney.  He  finds 
that  the  splenic  circulation  differs  in  one  fundamental  particular  from 
that  of  other  organs — in  that  it  is  continuously  expanding  and  con- 
tracting with  a  rhythm  which  is  remarkably  constant ;  the  time,  in 
the  dog  and  cat,  which  elapses  from  the  commencement  of  the  systole 
to  end  of  the  succeeding  diastole  being  about  60  seconds,  the  duration  of 
the  diastole  somewhat  exceeding  that  of  the  systole.  The  extent  of 
the  contractions  and  the  amount  of  blood  forced  out  of  the  spleen  at 
each  contraction  are  subject  to  great  variations^  which  are  due,  in  part 
at  least,  to  variations  in  the  force  of  the  contractions  of  the  smooth 
muscular  fibres  which  are  found  in  the  splenic  capsule  and  trabecular. 
Stimulation  of  the  splanchnic  nerves  and  of  the  vagi  or  of  the  peripheral 
ends  of  these  nerves  after  division  of  them  caused  contraction  of  the 
spleen ;  but  the  division  of  either  of  these  nerves  on  one  or  both  sides 
does  not  cause  an  arrest  of  the  specific  splenic  contractions,  nor  does 
any  expansion  of  the  spleen  result  on  these  nerves  being  severed. 

"  In  concluding,  I  may  refer  to  some  of  the  principal  facts  contained 
in  the  foregoing  p£^es. 

'*  The  circulation  through  the  spleen  differs  from  that  of  other  organs 
in  the  important  particidar  that  the  force  which  impels  the  blood 
through  the  organ  is  not  that  of  the  blood  pressure  in  the  arteries. 
The  splenic  circulation  is  carried  on  chiefly,  if  not  exclusively,  by  a 
rhythmic  contraction  of  the  muscles  contained  in  the  capsule  and  tra- 
beculse  of  the  organ. 

*'  The  rhythmic  contraction  is  exceedingly  regular  in  so  far  as  the 
rapidity  of  the  rhythm  is  concerned,  varying  as  it  does  in  any  given 
individual,  but  very  slightly  even  during  an  experiment  lasting  many 
hours,  and  in  which  the  condition  of  the  animal  has  necessarily 
changed  considerably.  Eoughly  speaking,  each  contraction  with 
the  succeeding  expansion  lasts  about  one  minute  in  the  case  of  dogs 
and  cats. 

'^As  has  also  been  pointed  out,  changes  in  the  arterial  blood 
pressure  have  comparatively  little  influence  on  the  volume  of  the 
spleen,  from  which  it  may  be  concluded  that  the  passages  by  which 
the  arterial  blood  enters  the  substance  of  the  organ  are  relatively 
very  narrow,  and  that  the  pressure  of  the  blood  contained  in  the 
pulp  of  the  spleen  is  not  so  closely  connected  with  that  of  the  arterial 
blood  pressure  as  would  be  the  case  did  the  latter  play  a  predominating 
part  in  carrying  on  the  circulation  through  the  organ. 

*'  The  rhythmic  contraction  and  expansion  of  the  spleen  is  different 
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in  nature  from  the  rhytliixiic  contraction  and  expansion  which 
may  be  observed  in  varioQS  organs  on  the  *  Traube-Hering '  blood- 
pressure  curves  showing  themselves.  The  spleen  also  takes  part  in 
the  production  of  the  '  Traube-Hering '  curves  of  the  blood  pres- 
sure, contracting  with  each  rise,  and  expanding  with  each  fall  of 
the  arterial  pressure^  but  these  contractions  are  readily  distinguishable 
from  those  which  are  proper  to  the  spleen,  and  which  are  independent 
of  changes  in  the  blood  pressure.  Very  frequently  the  combination 
of  the  Traube-Hering  contractions  of  the  spleen  and  the  'specilic 
splenic '  contractions  results  in  an  ^  interference '  curve  being  described 
by  the  instrument  which  records  graphically  the  changes  in  volume  of 
the  organ. 

"  Stimulation  either  of  the  central  end  of  a  cut  sensory  nerve  or  of 
the  medulla  oblongata  causes  a  rapid  contraction  of  the  spleen.  The 
paths  by  which  such  vaso-constnctor  influences  may  travel  from  the 
cerebro-spinal  centres  are  various.  As  has  been  shown,  stimulation  of 
the  peripheral  ends  of  both  splanchnics  and  of  both  vagi  causes  a  rapid 

»  contraction  of  the  spleen.     After  section  of  these  four  nerves  (the  vagi 

in  the  neck  and  the  splanchnics  at  their  point  of  passage  through  the 
diaphragm),  stimulation  of  a  sensory  nerve  still  causes  a  contraction  of 
the  spleen,  showing  that  vaso-constrictor  influences  may  pass  from  the 
cerebro-spinal  centres  to  the  spleen  by  some  other  route  or  routes  than 
by  the  nerves  named.  It  is  not  my  intention,  however,  to  give  a 
resume  of  the  contents  of  the  foregoing  pages,  and  I  will  only  remark, 
in  conclusion,  that  the  fact  that  section  of  the  principal  nerves  which 

'  ^  convey  vasomotor  influences  from  the  cerebro-spinal  centres  to  the 

spleen  has  so  little  effect  on  the  rhythmic  contractions  and  expansions 
of  the  organ,  would  seem  to  indicate  that  these  latter  are  regulated  and 
maintained  by  some  mechanism  contained  in  the  spleen  itself." 


THE  RELATION  OF  BRAIN  TO  MIND. 

In  a  lecture  delivered  to  the  Dialectic  Society  of  the  University  of 
Glasgow,  Professor  Cleland  has  discussed  the  relations  of  brain  to 
mind.  We  extract  from  this  interesting  lecture  the  following 
passage: — 

"  Has,  then,  the  energy,  the  conservation  of  which  has  become  one 
of  the  greatest  laws  for  the  physicist,  a  larger  circuit  here  than  the 
mere  material  universe)  That  is  a  startling  question  to  present  itself; 
but  once  presented,  I  see  no  escape  from  answering  it  in  the  affirma- 
tive. It  does  not  seem  to  have  generaUy  occuned  to  thinkers  to 
track  sufficiently  in  detail  the  steps,  physical  and  mental,  from  the 
stimulation  of  a  sense-organ  to  the  operations  of  mind  and  brain 
consequent  on  sensation,  so  as  to  see  that  there  is  a  transition>point 
where  such  a  question  is  inevitable.  But  the  inexorable  question 
having  been  raised,  there  are  only  t\vo  alternatives : — at  tMs  transition- 
point  either  the  physical  results  of  the  action  in  the  nerve-cells  amount 
to  the  same  sum  as  they  would  in  the  case  of  the  same  action  in  cells 
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unconnected  with  the  mind,  or  they  amount  to  a  smaller  sum ;  if  to 
the  same  sum,  then  the  change  in  the  mind  is  a  something  which, 
while  brought  about  by  physical  energy,  is  yet  additional  to  the 
constant  quantity,  and  to  tliat  extent  transgresses  the  physicist's  law 
in  a  region  ioxternal  to  his  domain ;  if  to  a  smaller  sum,  then  the 
difference  is  transformed  firom  physical  to  psychical  energy,  and  the 
bridge  looms  vaguely  between  the  physicist's  and  that  other  territory. 
But  it  is  difficult  to  imagine  that  the  former  alternative  can  be  true, 
seeing  that  at  any  moment,  without  change  of  external  circumstances, 
the  volition  can  initiate  physical  operations  leading  to  movements  of 
the  body,  and  similarly  can  stop  the  same,  and  mast,  therefore,  start 
the  brain-changes  which  are  its  own  necessary  accompaniment 
According  to  tiiie  reading  of  the  mechanism  of  sensation  to  which 
this  argument  forces  me,  and  which  I  put  forward  with  all  the  difii- 
deuce  which  so  startling  a  result  suggests,  a  certain  minute  amount  of 
energy  in  the  production  of  densoHon  qtdta  the  physical  for  the  psychical 
tcorldy  instantaneamly  to  return  again  in  the  excitation  effected  by  the 
sentient  mini  on  the  substance  of  the  brain.  While,  as  already  said, 
the  statement  that  thought  is  a  form  of  physical  energy  cannot 
possibly  convey  any  meaning,  it  is  not  only  possible,  but  apparently 
necessary  to  admit  that  thou^t  and  physical  energy  are  mutually 
convertible ;  nor  will  this  statement  long  continue  after  all,  perhaps, 
to  wear  a  startling  aspect  to  those  who  grasp  that  Spirit  \&  the  one 
substratum  of  eveiything. 

"  It  must  also  be  observed  that  as  soon  as  it  is  appreciated  that 
mental  action  is  either  prior  or  subsequent  to  the  physical  change  with 
which  it  is  immediately  associated,  the  important  admission  must 
follow  that  there  is  an  element  of  mental  existence  independent  of  the 
body,  namely,  that  on  which  the  nerve-change  acts  in  the  case  of 
sensation,  and  from  which  that  volition  comes  whose  action  is  linked 
with  the  brain.  In  that  sphere,  and  not  in  the  shape  of  potential 
vibrations  laid  past  in  nerve-cells,  I  believe  it  is  that  latent  memories 
are  stored ;  and  I  know  not  how  much  else  there  may  be  within  it" 
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OBSEBVATIONS  IN  COMPARATIVE  MYOLOGY. 
By  Hans  Gadow,  Ph.D.,  C.M.Z.S. 

In  the  Morphologisdus  Jdhrbuch  for  1881,  I  publiBhed  two 
.papers  on  the  myology  of  the  reptiles.  As  the  greater  part  of 
these  papers  is  descriptive,  I  intend  in  the  present  instance  to  give 
the  results  of  my  investigations  in  an  abstract  and  generalised 
form.    This  I  do  under  the  three  following  sections : — 

In  the  first  section  I  discuss  the  important  question  of  the 
^  naming  of  muscles  according  to  a  uniform  morphological  prin- 

cipla 

In  the  second  section,  which  deals  with  the  differentiation  of 
muscles,  I  endeavour  to  illustrate  the  changes  which  muscles  of 
the  vertebrata  may  undergo,  by  adducing  some  of  the  most 
striking  examples,  and  I  try  to  point  out  the  primary  causes 
why,  and  the  conditions  under  which,  these  changes  take 
place. 

In  the  third  section  I  discuss  the  arrangement  of  the  muscles 
of  the  hind-limb,  and  trace  their  homologies  through  the  Amphibia 
and  Sauropsida  to  Man.  In  this  section,  also,  the  value  of  nerve- 
supply  as  a  guide  to  existing  homologies  is  illustrated. 

Section  1.— On  the  Naming  of  Muscles. 

The  idea  of  naming  muscles  according  to  a  scientific  principle 
is  not  new.     As  far  back  as  the  time  of  Cuvier  we  find 
anatomists  systematically  naming  muscles  from  their  origin  and 
'  ^  insertion.    Since  then,  however,  this  great  step  forward  in  the 

method  of  descriptive  anatomy  has  not  gained  ground,  but 
seems  rather  to  have  fallen  into  disuse,  its  importance  not 
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having  been  properly  appreciated,  or  perhaps  not  understood.        .  f-  \ 
As  it  is  now,  there  are  only  a  few  anatomists  who  have  fol- 
lowed, or. are  following,  Cuvier  in  this  respect^ 

To  point  out  the  advantages  of  this  method,  and  to  show  that  ' 

terms  so  made  will  hold  throughout  the  vertebrate  series,  is  my 
object  in  this  section  of  my  paper. 

In  the  tarsonomy  of  anatomical  structures,  no  doubt  names 
indicating  their  general  shape,  or  their  superficial  resemblance 
to  well-known  objects,  suggest  themselves  most  readUy.    Hence  1 

such  ludicrous  names  as  m.  gltUeus  (from  yXjovreu^),  m.  trapezius, 
m.  deltoidetLs,  pyriformis,  and  many  others.  Such  names  served 
very  well  as.  long  as  a  name  alone  was  all  that  was  required ; 
thus,  a  certain  muscle  was  called  m.  qtuxdrcUus  feTnoris  (a 
name  not  a  whit  better  than  m.  qiux/rttis  femoria  of  Aldrovandi, 
sm.  dtLodedmus  femaris,  Steno),  and  it  was  the  student's  business 
to  discover  and  ta  remember  that  this  name  was  meant  for  an 
ischio-femoral  muscle.    Such  names  are  wholly  unscientific. 

A  marked  improvement  on  this  was  the  invention  of  names 
indicating  the  function  of  the  muscles.     But  such  physio-  *^ 

logical  names  are  not  sufficient,  unless  at  the  same  time  they 
convey  some  topographic  information.  A  name  like  m.  flexor 
carpi  idnaria  is  perhaps  admissible ;  but,  on  the  other  hand,  that 
ot '' rotator  fomoris"  or  "levator  scaptUce"  tell  us  just  as  little 
about  where  to  look  for  these  muscles,  as  do  the  names  "  vasttis  '* 
or  ** biceps  femoris''  Again,  such  a  name  as  ** sartorius''  or 
"  cfustos  virginum  "  (if  we  take  its  representative  in  the  female) 
conveys  little  scientific  knowledge  to  our  minds. 

The  reason  which  led  mediaeval  anatomists  to  invent  such 

^  Of  those  anatomists  who  havd  endeayoured  to  introdaoe  names  taken  from 
the  origin  and  insertion  of  mnscles,  most  be  mentioned,  aboye  aU,  Max  Furbrin- 
ger  in  the  foUowing  paper,  *'  Vie  Knochen  und  Miiskeln  d&r  &ctremii^Uen  der 
Saurier"  Leipzig,  1870  ;  **  Znr  yergleichenden  Anatomie  der  Schnltermnskeln," 
in  Jenaische  Zeitsehrifl,  Bd.  yii.  1878  (Amphibia) ;  ibid.,  Bd.  yiii.  (Reptiles), 
Marpholog,  Jahrbtuh,  The  muscles  of  the  shoulder  girdle  of  birds,  it  is  hoped, 
will  come  out  in  the  Morphoh  Jdh/rhuch  of  this  year.  In  Holland,  De  Man, 
Vergelykerde  myologiache  en  neurologische  studien  over  Amphibien  en  vogels, 
Leiden,  1878.  In  France,  Dnges,  in  his  Beeherches  sur  VasUologie  et  la  myologie 
des  Bairadens  d  Uwra  differana  ages,  1835  ;  and  in  this  country,  6.  M.  Humphry, 
in  his  OhaeroaUona  in  Myology,  Cambridge,  1872,  and  numerous  researches  on  % 

myology  communicated  in  yarious  numbers  of  this  Jov/maX,  haye  endeayoured 
to  elucidate  the  study  of  the  muscles  by  well-chosen  morphological  names. 
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^  .  names  and  terms  as  crura,  nates,  and  testes  of  the  human  brain, 
&c.,  was  certainly  not  a  scientific  one.  This  will  be  seen  from 
the  following  argument  used  by  Vesalius: — '' Optima  uomina 
obscura  sunt  eligenda  ut  discipulis  corporis  humani  partes 
magis  jucundiores  reddantur  et  facilius  reminiscantur." 

However,  this  was  a  question  of  taste,  and  it  did  not  matter 
much  what  a  muscle  was  called  so  long  as  the  name  was  merely 
a  mark  randomly  assigned  to  it.  But  when  once  we  study 
anatomy  comparatively  we  see  the  danger  of  physiological 
names,  since  we  find  that  the  same  organ  fulfils  different 
functions  in  different  animals,  and  that  the  function  of  an  organ 
itself  is  the  first  to  vary,  not  the  organ.  If  we  trace  a  certain 
organ  throughout  a  large  group  of  vertebrata,  we  often  find  that 
its  functions  in  one  animal  may  have  become  completely 
different  from,  and  in  the  case  of  muscles  even  antagonistic  to, 
the  function  of  the  same  organ  in  another  animal  In  every 
animal  of  the  group  a  complete  morphological  homologue  of 
the  organ  in  question  may  be  present  notwithstanding  a  total 
^  dissimilarity  in  function ;  but  it  is  morphological  not  physiological 

homologies  which  comparative  anatomy  demands.  ''  Physiological 
homologies  "  are  analogies,  and  these,  although  interesting,  are 
worthless  for  the  purpose  of  the  anatomist  This  is  shown  by 
Ruedinger,  in  his  essay  on  ''  Die  Muskeln  der  vorderen  Extremi- 
taten  der  Beptilien  und  Vo^eL"  In  this  essay,  elaborate  as  it  is, 
he  arrived  only  at  analogies,  since  he  took  the  functions  of  the 
muscles  as  his  chief  guide  for  comparison,  and  thus  either  dis- 
regarded the  most  obvious  relationships  or  classed  together  the 
1^  most  heterogeneous  muscles  in  different  animals. 

We  see  then  that,  for  comparative  studies,  names  cannot  be 
allowed  which  are  taken  either  from  the  shape  or  function  of 
muscles.     Comparative  or  scientific  myology  requires  morpho- 
logical names,  and  these  can  only  be  derived  from  origin  and 
\  insertion  of  the  muscles,— certainly  not  from  the  nerves,  because 

I  these  have  to  be  named  from  the  muscles  they  supply. 

The  advantages  of  such  a  nomenclature  are  clear,  after  it  is 

once  understood,  thxt  of  a  compauTtd  mtLsde-name  the  first  part 

^  is  always  to  be  used  in  Tumn-form^  and  that  that  is  taken  from 

its  origin  ;  the  latter  with  an  adjectival  efoding^from  its  insertion. 

If  the  muscle  connects  three  or  more  different  bones,  we  have  to 
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frame  a  name  which  will  contain  all  these  three  or  more  ^ 

different  parts.     Thus  we  are  able  to  understand  what  is  meant 

by  a  m.  ischio-femoralis,  since  that  must  be  a  muscle  which  arises 

from  the  ischium,  and  is  inserted  into  the  femur.    Any  one,  who 

knows  the  human  skeleton,  wiU  know  further  that,  if  we  speak 

of   a  m.  cavdi-femorcUis,  this  must  be  the  m.  pyriformis  of 

human  anatomy.    Again,  a  m.  pybi-isckio'tibicdis  will  arise  from 

the  ossa  pubis  et  ischio,  and  be  inserted  into  the  tibia.    A  muscle 

arising  from  the  ischium  and  from  the  femur,  and  inserted  into  T 

the  tibia,  would  he  am.  ischw-femoro-tibialis;  but  if  arising  only 

from  the  ischium,  and  being  inserted  into  femur  and  tibia,  we  i 

would  call  it  m.  ischio-femorali'tibialis.    If  there  happen  to  be  | 

several  muscles  connecting  the  same  bony  elements,  we  can 

easily  distinguish  each  by  adding  some  restrictive  adjective, 

which  should,  if  possible,  explain  at  the  same  time  the  position 

of  the  muscle  with  reference  to  the  main  axis.     Such  terms 

are  ventrcUis  e  dorsalis,  extermis  e  irUemus,  svhlimis^  super- 

fidcUis  e  profimdis,  anterior  e  posterior,  medicdis  e  lateralis,  and 

even  proodmotlis  e  distalis,  or  caudalis  e  truTUxdis}  ^ 

Thus  two  muscles  arising  from  the  ischium,  and  one  being  in- 
serted into  the  neck  of  the  tibia,  while  the  other  is  attached 
lower  down,  may  well  be  distinguished  as  m.  ischio-t^Snaiis 
proadmalis  and  distalis.  Terms  referring  to  size  and  shape, 
like  major,  minor,  longus,  and  hrems,  ought  to  be  avoided. 

As  to  the  question  which  end  of  a  muscle  is  to  be  regarded 
as  its  origin  and  which  its  insertion,  we  must  bear  in  mind  that 
all  muscles  are  originally  trunk-muscles;  therefore,  the  origin 
of  a  muscle  is  the  proximal,  the  insertion  the  distal  part,  no 
matter  which  is  the  punctum  fixum.  Hence  it  is  wrong  to 
speak  of  a  femoro-caudal  muscle.  This  rule  is  inapplicable 
to  the  head. 

In  the  case  of  muscles  which  connect  serially  homologous 
elements,  uniformity  in  nomenclature  would  be  gained  by  re- 
garding the  more  anteriorly  situated  element  as  the  origin,  that 
which  is  nearest  to  the  head;  the  terms  distal  and  proximal 
have  then  to  be  replaced  by  caudal  and  capital  or  cephalic,  thus 
ttioraco-lumbaiis  (if  there  were  such  a  muscle)  is  preferable  to 
tumiO'thoraealis. 

^  I  use  truncalis  in  preference  to  axialis,  as  most  vertebrate  have  a  distinct  tall. 


I 
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Kow,  as  to  the  practicability  of  such  a  nomenclature.  If  we 
only  describe  one  individual  muscle,  there  can  be  no  doubt  that 
we  always  can  find  a  very  good  morphological  name  for  it, — a 
name  which  indicates  its  origin  and  insertion  as  well  as  its 
position.  The  possibility  of  a  morphological  name  in  individual 
cases  is  certain ;  but  in  comparative  myology  we  meet  with  a 
great  diflSculty, — a  difficulty  which  undoubtedly  is  the  reason 
why  such  a  nomenclature  has  not  been  universally  adopted. 

Names  given  to  the  muscles  of  a  crocodile  may  not  hold  good 
for  those  of  a  lizard,  although  each  muscle  of  the  crocodile  may 
have  its  homologue  in  the  lizard.  Of  course,  we  must  allow  a 
certain  amount  of  difference  between  two  homologous  parts; 
for  if  we  press  that  term  too  much,  there  would  hardly  be  a 
single  clear  homologue  in  two  different  groups  of  animals. 
Thus,  strictly  speaking,  the  cervical  part  of  the  vertebral  column 
of  man  is  not  homologous  with  the  neck  of  the  three -toed  sloth. 
In  order  to  obviate  this  difficulty.  Prof.  Gegenbaur  has  invented 
the  term  "  incomplete  homology." 

As  we  shall  see  later  on  (page  507),  muscles  frequently  undergo 
changes  by  altering  their  origin,  and  there  seems  to  be  a  tendency 
in  limb  muscles  to  shorten,  by  exchanging  their  primary  origin 
for  a  more  distal  one.  We  can,  for  instance,  imagine  that  in  a 
reptile  the  principal  extensor  cruris,  the  dorsal  muscular  mass  of 
the  thigh,  arises  from  the  ilium,  and  forms  the  continuation  of  the 
abdominal  muscles,  and  is  inserted  into  the  head  of  the  tibia. 
Such  a  muscle  we  would  call  a  m.  aicbmino-ilio'tibialis.  But  in 
another  animal  the  muscle  may  have  given  up  its  connection 
with  the  abdominal  waU,  in  which  case  it  would  be  a  m.  ilio- 
tibialis.  But  surely  no  one  would  ever  object  to  call  this  ilio- 
tibial  muscle  not  only  the  representative,  but  even  the  homologue 
of  the  former. 

There  are,  however,  cases  in  which  names  given  to  the  muscles 
of  amphibia  do  not  suit  those  of  mammals  or  reptiles.  Again, 
there  are  muscles  which  vary  so  much,  even  in  one  group  of 
animals,  that  it  is  quite  impossible  to  find  satisfactory  names  for 
them.  This  difficulty  applies  equally  to  morphological  and  to 
physiological  names.  Examples  of  such  muscles  are,  in  the 
hinder  extremity,  the  m.  ambiens,  the  flexor  tibialis  mass,  and 
the  muscles  of  the  leg  and  of  the  toes. 
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The  ambiens  muscle,  for  instance,  if  typically  developed  (as  in  '^ 

the  crocodile),  is  a  muscle  which  arises  from  the  pelvis  (either 
firom  the  ilium  or  from  the  pubis),  and  is  inserted  into  the 
plantar  side  of  the  toes,  having  a  distinct  tendon  as  it  passes 
over  the  knee.  In  some  other  reptiles  the  muscle  is  completely 
broken  up  into  two  at  the  knee,  its  proximal  half  being  inserted 
into  the  tibia  directly  or  through  the  tendon  of  the  feTnoro- 
iiMaiis,  and  its  distal  half  having  become  a  m,  peroneous  posterior. 
Therefore,  in  the  crocodiles,  the  proximal  half  of  the  amhieris 
muscle  acts  as  a  flexor  of  the  toes  and  as  a  rotator  of  the  leg ; 
while  in  other  reptiles  the  part  homologous  with  the  proximal 
half  of  the  ambiens  is  a  levator  or  an  extensor  of  the  leg,  and  has 
no  action  upon  the  toes  at  alL  We  cannot,  therefore,  find  either 
a  morphological  or  a  physiological  name  which  is  applicable  to 
the  various  conditions  of  this  muscle  in  all  the  different  reptiles. 

Another  illuBtration  of  the  difficulty  of  giving  suitable  names 
to  muscles  is  afforded  by  the  mass  generally  called  mm.  semitm- 
dinosus  and  semim^inbranosus,  which  I  have  described  as  mm. 
fi&cores  tibiales  interrms  et  externvs.    They  always  act  as  flexors  ^^ 

of  the  leg,  but  their  origin  varies  much,  since  they  arise  either 
from  the  ischium  alone,  or  from  the  ischium  and  ilium,  or,  as  in 
Hatteria,  from  the  anterior  caudal  vertebrse. 

As  regards  the  muscles  of  the  leg  and  toes,  Professors 
Fiirbringer  and  Hoffinann  have  attempted  to  invent  names 
according  to  the  morphological  principle,  but  in  doing  so  they 
met  with  two  difficulties,  the  consideration  of  which  shows  us 
that  consistency  must  not  be  pressed  too  far. 

The  first  difficulty  is,  so  to  speak,  a  morphological  ona  The 
m,  gastrocnemius,  for  instance,  may  arise  either  from  the  femur 
and  the  tibia,  or  from  the  condyles  of  the  femur  only ;  or  the 
m.  peroneus  posterior  in  crocodiles  is  the  continuation  of  the 
tendon  of  the  ambiens  muscle  (as  stated  before),  but  also,  at 
the  same  time,  that  of  the  m.  extensor  tibialis  and  of  the  m. 
femoro-tiJnaiis ;  while  in  the  lizards  it  arises  from  the  external 
condyle  of  the  femur,  and  in  chameleon  from  the  fibula.  The 
insertion  of  these  muscles  is  still  more  variable.  It  would, 
therefore,  in  many  cases  be  impossible  to  derive  from  their  ^ 

origin  and  insertion  a  name  which  would  be  applicable  to  more 
than  a  few  animals  at  one  time.    The  second  difficulty  we  may 
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express  as  an  et3rmological  or  better  practical  one.  Names  like 
"wi.  epieoTidyh'fbiih'tibiO'digitalis  ventrcdis  profu/ndus"  (Fiir- 
bringer),  and  '*m.  funaro-t'Snali  tarstmrinetcttarmim  v.''  (Hofif- 

•  xnann),  are  no  doubt  too  clumsy,  and  if  we  were  to  follow  the 

principle  indicated  by  them,  we  should  in  the  dififerent  vertebrata 
be  led  into  every  imaginable  combination  otfemoro-,  tibiO',JSmlo, 
on  the  one  side,  and  of  ''  tarscdis',  metcUarsaliS',  digitalis  i-v."  on 
the  other. 

The  sjrstematic  application  of  such  enormous  names  is  im- 
possible, for  they  are  little  better  than  a  cumbrous  description 
of  the  muscle,  to  avoid  which  is  the  purpose  of  a  name.  For 
the  muscles  of  the  legs  and  .toes  it  seems  therefore  impossible 

kr  to  give  strictly  accurate  names,  and  here  our  principle  would 

seem  rather  to  fail  But  fortunately  most  of  the  names  of  the 
muscles  of  that  region  are  tolerably  good,  since  most  of  them, 
such  as  mm,  tibialis  anticus,  and  peroneuSy  are  at  least  somewhat 
topographical,  and  thus  infinitely  better  than  mm.  semitendinasvs, 

^  scaienvs,  teres,  and  other  mediaeval  inventions.    After  all,  "  what 

•^  can't  be  cured  must  be  endured."    However,  this  homely  proverb 

does  not  apply  to  the  vast  majority  of  muscles,  as  we  find,  if  we 

take  a  broad  view  of  the  muscles  of  the  vertebrata  on  the 

whole,  but  only  to  a  few  exceptional  instances.^ 

It  was  one  of  my  chief  objects  when  preparing  my  paper  on  the 
myology  of  reptiles  to  use  only  such  names  of  muscles  as  might 

^  We  cannot  derive  a  name  from  the  study  of  one  group  of  animals  alone.  This 
leads  to  mistakes,  and  to  the  coining  of  names  perhaps  very  attractiye,  but  which 
have  almost  inyariably  to  be  suppressed  for  less  detailed  names,  in  order  to  make 

f  them  bear  generalisation.    Professor  Hoffmann,  for  instance,  in  Bronn's  Classen  u 

Ordnungen  des  Thierreichs,  invented  names  for  the  muscles  of  the  chelonia,  which 

^  are  suitable  for  them  alone,  but  utterly  valueless  for  other  vertebrata ;  this  criti- 

cism does  not  apply  to  the  muscles  of  most  animals,  however,  as  the  majority  of 
them  have  been  worked  out  in  several  groups,  and  named,  in  accordance  with  the 
general  principle  here  advocated,  by  previous  anatomists,  of  whose  figures  and 
descriptions  he  has,  as  is  right,  made  the  fullest  use.  I  myself  am  responsible  for 
the  introduction  of  several  bad  names  in  my  paper  on  the  myology  of  the  hinder 

I  extremity  of  the  Ratitae.     Fames  such  as  rectus  femoris  intermts,  and  caudi-ischio- 

UiO'flexorivSf  might  have  been  easily  made  applicable  to  other  vertebrata,  as  well 
as  to  birds,  if  at  the  time  I  had  only  had  a  better  acquaintance  with  the  myology 
of  the  reptiles.  From  what  will  be  said  in  the  next  section,  it  will  be  seen  that 
the  names,  'which  are  taken  from  the  study  of  lower  forms,  are  usually  preferable, 
for  they  have  a  greater  chance  of  being  more  widely  applied.  Hence  most  of 
the  names  invented  by  De  Man  for  the  muscles  of  Salamandra  may  be  well  used 
for  most  of  the  higher  vertebrata. 

9 
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bear  generalisation,  or,  in  other  words,  as  might  be  also  applicable  ^ 

to  amphibia,  birds,  and  mammals.  That  this  is  possible  was 
there  demonstrated,  except  in  the  two  cases  to  which  I  have 
just  referred.  But  because  I  did  not  succeed  in  finding  proper 
names  for  these  muscles  does  certainly  not  prove  that  somebody 
else  might  not  do  so.  For  instance,  a  muscular  mass,  which, 
like  the  m.  fiexov  tibialis,  is  inserted  into  the  proximal  end  of 
the  leg  (tibia  or  fibula),  and  arises  either  from  the  pubis  or 
ischium,  or  from  both,  or  from  the  angle  between  the  tail  and 
ischium,  might  perhaps  with  advantage  be  called  pdvo-cruralis, 
with  some  restrictive  adjective  as  mperfieialis,  irUemus,  ventralis, 
or  posterior;  or  it  might  be  called  pdvo-perineo-crwralis.  The 
difficulty  is  that  we  have  at  present  no  term  for  the  region  between 
the  OS  ischii  and  the  taiL 

Section  2. — On  the  Diffekbntiation  of  Muscles. 

If  we  examine  the  muscles  of  a  lizard  and  those  of  a  salaman- 
der, we  meet  with  many  instances  in  which  at  first  sight  it 
seems  impossible  to  point  out  the  homologies  of  the  separate  % 

muscles.  However,  if  we  study  a  larger  series  of  forms,  we  find 
almost  every  possible  variation  in  the  shape  and  in  the  grade  of 
development  of  their  muscles,  which  form  the  intermediate  stages, 
and  so  enable  us  either  to  derive  such  muscles  one  from  another, 
or  to  trace  them  back  to  one  mass  originally  common  to  the 
ancestors  of  both.  Thus  we  can  perceive  how  a  muscle  not 
present  in  one  animal  is  developed  in  another.  This  kind  of 
Tieomorphism,  the  development  of  a  given  muscular  mass  or 
stratum  into  several  special  new  muscles,  can  be  effected  in  six 
different  ways. 

Ist  Case. — Tike  original  mtiscle  uruiy  break  v/p  into  a  proximal 
aTid  into  a  distal  segrnent. — The  result  of  such  a  division  is  that 
two  muscles  are  found,  a  proximal  and  a  distal  oneu 

As  a  rule,  this  process  begins  by  the  formation  of  a  tendinous 
intersection.  Examples  of  this  are  afforded  by  most  of  the  long 
and  short  flexors  of  the  toes,  the  m.  Uio-tibialis  on  the  dorsal  or 
anterior  aspect  of  the  thigh,  and  the  m.  pubi-ischio'tibialis  on  the 
ventral  or  inner  aspect.  n^ 

The  proximal  end  of  the  m.  ilio'tibialis  originally  formed  a 
more  or  less  continuous  strattmi  with  the  neighbouring  parts  of 
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',  the    m.    dbliquus  eoUemus  abdominis.    This  condition  is  still 

preserved  in  Hatteria,  and  in  the  Urodela  in  a  still  higher  degree, 
— as,  for  instance,  in  Menobranchus  and  Menopoma  (Humphry 

I  and  Mivart),  since  in  these  animals  the  m.  Uio-tibialis  scarcely 

takes  its  origin  from  the  iliac  bone,  but  forms  simply  the  con- 
tinuation of  a  part  of  the  m.  Miq.  extemus.  Again,  in  Ceratodus 
the  oblique  abdominal  muscle  is  one  continuous  mass  with  the 

^  dorso-lateral  musculation  of  nearly  the  whole  limb. 

The  condition  as  shown  in  Ceratodus  may  be  considered  as  the 
primitive  stage.  The  great  development  of  the  pelvic  girdle  had, 
inter  cdia,  the  result  that,  for  merely  mechanical  reasons,  the 
dorso-lateral  muscular  mass  of  the  limb  became  partly  attached 

r  to  the  iliac  bone.    This,  as  in  many  other  cases  where  a  muscle 

passes  over  a  bone,  caused  the  formation  of  a  tendinous  inter- 
section, which  process  again  led  to  the  entire  division  of  the 
whole  muscular  mass  into  a  proximal  part,  the  obliquvSy  which 
thus  became  attached  to  the  iliac  mass,  and  into  a  distal  part, 

^  the  m.  Uio-tibialis. 

w^  The  reptiles  alone  show  us  every  intermediate  stage.    This 

differentiation  of  the  muscle  into  a  proximal  and  a  distal 
segment  was  of  great  advantage  to  the  reptiles,  since  the  two 
muscles  became  capable  of  acting  independently  of  one  another, 
and  the  limb  could  execute  more  specialised  motions.  We  must 
also  remember  that  the  change  of  an  aquatic  animal,  which  used 
its  limbs  simply  like  paddles,  into  a  semi-aquatic  and  partly 
terrestrial,  and  therefore  crawling,  creeping  and  running  creature, 
involved  a  complete  change  of  its  muscles,  and  at  a  later  period 

r  of  its  bony  framework.    In  swimming  animals,  such  as  Cera- 

todus and  Menobranchus,  the  longitudinal  axis  of  the  whole 
limb  ifl  nearly  straight,  whilst  a  terrestrial  Ufe  necessitates  the 
bending  of  the  limb  at  several  angles  and  the  development  of 
more  or  less  complicated  joints. 

)  In  a  similar  way  as  the  m,  iHo-tibialis  does  on  the  dorso-lateral 

aspect  of  the  thigh,  so  the  mass  called  m.  pyM-isckio-femoralis 
forms  the  continuation  of  that  part  of  the  m.  ohliqwus  extemus 
which  is  situated  mesiad  from  the  thigh.    The  tendinous  inter- 
^  section    is    still  represented  by  the   ligam.  pvilyir4schiadicum, 

extending  from  the  proc.  lat.  pubis  to  the  symphysis  ischiL  In 
Hatteria,  in  some  other  Saurians,  and  also  in  some  of  the  lower 


502  HANS  GADOW. 

Amphibia,  particularly,  e.g,,  Cryptobranchus,  the  external  oblique 
abdominal  muscle  forms  one  continuous  layer  with  the  proximal 
part  of  the  m.  pibbi-isthio'tibicdis,  a  tendinous  intersection,  or  lig. 
pubirischiadicum  being  not  yet  developed. 

All  the  long  flexors  and  tensors  of  the  toes  are  only  the  distal 
parts  of  muscles,  which,  originaUy  arising  from  the  trunk  or 
pelvic  girdle,  extended  down  to  the  toes  as  one  continuous  and 
very  simple  muscle.  The  latter  conditions  stiU  obtain  in 
Cryptobranchus  (Humphry  in  this  Joumai,  voL  vi.). 

The  development  of  a  knee-joint  proper,  and  the  bending  of 
the  thigh  to  the  leg  at  an  angle  of  about  90°,  must  have  caused 
the  long  extensor  muscles  passing  over  the  knee  to  develop  a 
tendon,  which  again  led  to  their  partition.  In  the  reptiles  the 
hind-limbs  have  reached  such  a  point  in  development  that  inter- 
mediate or  primitive  stages  have  become  scarce.  But  there  are 
still  some  cases  where  we  find  muscles  which  show  us  how  the 
breaking  up  into  a  proximal  and  a  distal  part,  i.e.,  into  thigh 
muscles  and  toe  muscles  proper,  took  place.  There  is,  firstly,  the 
m.  avibiem,  the  tendon  of  which  in  the  crocodiles  and  in  many 
birds  passes  right  over  the  knee,  and  forms  one  of  the  heads  of 
the  long  flexors.  In  other  reptiles  the  tendon  of  this  muscle  is 
inserted  on  the  knee,  and  the  heads  of  the  flexors  of  the  toes  arise 
only  from  the  tibia  and  fibula,  and  that  part  of  the  tendon 
connecting  the  arnbiens  with  the  muscles  of  the  toes  has  dis- 
appeared. 

The  whole  process  can  be  explained  in  the  following  way : — 
In  the  1st  stage,  one  flat  muscle  arose  from  the  pelvis,  passed 
along  the  whole  limb  on  its  antero-medial  aspect,  and  was  in- 
serted into  the  toes ;  2nd  stage,  in  order  to  avoid  injury  by  pres- 
sure on  the  muscle,  it  lost  its  muscular  elements  in  the  neigh- 
bourhood of  the  knee  and  developed  connective  tendinous  tissue ; 
3rd  stage,  the  distal  half  of  this  long  muscle  increased  the 
number  of  its  muscular  fibres,  and  as  some  of  these  attached 
themselves  to  the  underlying  bones  (fibula  and  tibia),  this  por- 
tion of  the  muscle  became  enabled  to  act  upon  the  toes  by  the 
contraction  of  its  fibres  alone,  as  it  now  had  a  punctum  fixum 
independent  of  the  proximal  part.  When  the  two  parts  con- 
tracted, the  action  upon  the  toes  was  of  course  stronger,  and  the 
wJtole  limb  was  rotated  round  its  longitudinal  axis;  but  only  if 
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slight  action  upon  the  toes  was  required,  it  was  solely  the  fibular 
head  of  the  muscle  that  came  into  play. 

If  the  animal  did  not  require  the  complicated  rotating  action 
which  resulted  from  contraction  of  the  whole  muscle,  the  distal 
part  became  more  strongly  developed,  and  the  tendon  between  it 
and  the  proximal  part  was  no  longer  pulled  upon.  Being  thus 
put  out  of  action,  the  proximal  part  would  have  become  aborted, 
and  perhaps  would  have  gradually  disappeared  (in  many  birds 
and  in  mammals  the  ambiens  muscle  has  actually  disappeared) 
had  its  existence  not  been  saved  by  the  tendon  becoming  attached 
to  the  knee  itself,  or  to  the  distal  tendon  of  the  m.femoro-tibiali8. 
By  degrees  the  connection  of  the  proximal  and  distal  parts  was 
severed.  The  latter  now  forms  a  separate  muscle — ^the  flexor 
digitoTvm. 

The  advantage  of  this  arrangement  is  obvious,  since  the 
animal  now  is  enabled  with  the  same  amotmt  of  muscular 
material  to  perform  two  very  specialised  actions,  namely,  exten- 
sion and  elevation  of  the  leg ;  and  secondly,  flexion  of  the  toes, 
without  one  movement  interfering  with  the  other. 

We  must  not  forget,  however,  that  the  separation  of  the 
proximal  part  from  the  distal  might  have  begun  in  a  manner 
quite  different  from  that  which  we  have  just  indicated. 
Supposing  the  tendon  of  the  whole  pelvo-pedal  muscle,  whilst 
passing  over  the  knee  first  became  connected  with  it,  the 
broad  distal  end  of  the  femoro-tibial  or  of  the  ilio-tibial  muscle 
might,  for  instance,  first  uvergrow,  then  surround,  and  lastly 
attach  some  of  its  fibres  to  some  of  those  of  the  ambieTis  tendon 
(in  many  birds  and  in  the  crocodiles,  the  tendon  of  the  amhims 
is  actually  surrounded  by  the  other  muscles  in  the  region  of  the 
knee),  or  the  ambiens  tendon  itself  might  become  partly  attached 
to  neighbouring  parts.  The  result  of  such  an  arrangement  would 
be  that  thigh  and  leg  would  gain  a  new  extensor  and  levator, 
viz.,  the  proximal  part  of  the  pelvo-pedal  muscle,  while  the  distal 
part  would  be  compelled  to  degenerate  into  a  useless  tendon,  if 
its  muscular  belly  did  not  become  attached  to  the  fibula  {e.g,,  in 
Chameleon),  or  some  of  the  strong  inserting  tendons  of  the 
adjacent  muscles. 

The  breaking  up  of  what  were  originally  pelvo-pedal  muscles 
is  also  illustrated  by  the  long  tendon  on  the  hind-aspect  of  the  leg, 
which  descends  from  the  m.  flexor  tibialis  extenvus  to  the  foot ;  this 
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arrangement  is  typical  of  the  Urodela,  and  is  frequently  found  in 
reptiles,  in  birds,  and  even  in  some  mammals. 

Another  example  is  to  be  found  in  some  of  the  long  flexors  of 
the  toes,  since  these  muscles  indefinitely  arise  from  the  condyles 
of  the  femur  alone,  or  from  the  femur  and  the  tibial  fibula,  or 
only  from  the  latter  bones. 

The  tarsal  region  affords  perhaps  the  best  proof  of  the  fact 
that  muscles  when  they  pass  over  a  joint,  and  so  consequently 
rest  upon  a  ridge,  or  when  they  are  bent  at  an  angle,  can  easily 
break  up  metamerically  into  several  new  muscles.  Some  of  the 
long  flexors  pass  the  tarsal  joint  without  undergoing  any  change, 
while  others  become  partly  attached  to  the  underlying  bones, 
or  the  part  which  originally  passed  over  the  joint  may  become 
completely  inserted  into  the  calcaneum  or  into  the  astragalus, 
and  the  remainder,  the  distal  part,  becomes  transformed  into  a 
short  flexor  of  the  digits.  The  reptiles  exhibit  every  imaginable 
intermediate  stage,  but  we  may  point  out  that  the  arising  of  the 
short  flexors  from  tendons  of  the  long  flexors  is  an  exception  in 
mammals,  while  in  the  Amphibia  it  is  the  rule. 

2nd  Case, — Division  of  a  muscular  mass  into  layers. — ^This  way 
of  increasing  the  number  of  muscles  has  led  in*  the  pelvo-femoral 
region  to  the  development  of  a  proximal  or  deeper,  and  a  distal 
or  superficial  cone  of  muscles.  Those  muscles  formed  by  the 
splitting  of  a  muscle-mass  into  several  layers,  as  a  rule  are  sup- 
plied by  the  same  principal  group  of  nerves ;  while,  on  the  other 
hand,  muscles  formed  by  longitudinal  division,  as  described  in 
the  3rd  Case,  a  process  which  decreases  the  nimiber  as  we  ascend 
in  the  scale  of  animal  life,  receive  their  nerves  from  different 
groups  (see  the  tabular  arrangement  given  on  page  510). 

Examples  of  the  differentiation  of  a  single  muscle  into  new 
ones  by  division  into  layers  are  the  abdominal  muscles,  which 
are  developed  from  the  primary  lateral  muscular  mass  of  the 
body  wall  (see  Morpholog.  Jahrbttch,  1881,  p.  57). 

Again,  the  m.  iHo-femoralis,  the  m,  femoro'tibialis,  and  the  m. 
ischio-feTnoralis  are  genetically  connected  with  one  another, 
and  to  judge  from  the  conditions  shown  in  the  Selachians, 
in  Ceratodus,  Menobranchus,  and  Cryptobranchus,  they  origin- 
ally formed  one  large  mass,  which  mass,  in  continuation  with 
the  oblique  abdominal   muscles,  arose  from   the  trunk,  and 
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>^  extended  its  insertion  from  the  femur  all  over  the  antero-lateral 
aspect  of  the  leg  right  down  to  the  toes.  Such  a  muscle  acted 
by  its  contraction  as  a  levator  of  the  whole  limb,  until  the 
development  of  a  proper  knee-joint  involved  at  the  same  time  a 
complete  change  in  it,  when  all  the  fibres  running  from  the 
trunk  or  from  the  pelvis  to  the  femur  became  useless  or  super- 
fluous for  the  extension  of  the  leg.  Again,  with  respect  to  the 
abduction,  and  in  particular  to  the  rotation  of  the  thigh,  all  the 
fibres  inserted,  distad  from  the  condyles,  were  rendered  quite 
unnecessary.  Thus,  as  long  as  the  whole  mass  was  united,  com- 
*  plete  mobility  of  the  limb  was  not  only  not  obtained,  but  even 

I  interfered  with,  and  the  motion  of  its  segments  in  detail  was 

p  well-nigh    impossible.    Consequently  there    existed  a  certain 

layer,  or  part  of  the  whole  mass,  which  was  never  used  at  all ; 
this  part  therefore  aborted,  while  the  proximal  part  concentrated 
itself  into  a  dorso-proximal  deep  muscle,  which  was  then  used 
only  as  a  levator  and  rotator  of  the  femur — ^the  m.  Uichfemoralis, 
All  the  other  superficial  and  distal  elements,  took  the  form  of  a 
^  m.  extensor  iHo-tHnalis.    This  muscle  again  underwent  further 

differentiation,  so  as  to  facilitate  finer  and  more  specialised 
motions  of  the  leg;  for  instance,  by  extending  its  origin  gradually 
over  the  medio-ventral  side  of  the  limb  towards  the  pubic  bone, 
and  dividing  itself  longitudinally  into  an  outer  and  into  an  inner 
mass,  it  finally  produced  the  m.  redvs  irUemus  femoris  of  the 
Amphibia.  Such  a  muscle  was  of  great  advantage  for  the  animal, 
as  it  not  only  extended  the  leg,  but  became  also  a  slight  adductor 
of  the  whole  limb. 
f  With  the  final  development  of  the  adductors  and  abductors 

(mm,  UiO'fifndaTis,  piibv^schdchtiMalis,  pvM-t'iMalis,  and  avibiens) 
the  head  of  the  ilio-tibial  muscle  began  to  give  up  its  origin 
from  the  ilium  and  to  take  a  more  distal  one  from  the  femur. 
In  the  Amphibia  its  iliac  origin  is  still  very  fleshy,  and  forms 
the  direct  continuation  of  the  oblique  abdominal  muscle,  while 
a  muscle  arising  from  the  femur  and  inserted  into  the  tibia  is 
not  yet  developed.  The  Amphibia,  therefore,  represent  the 
lowest  stage;  but  in  many  Lizards  and  in  the  Crocodiles  the 
^  muscular  elements  near  the  ilium  are  much  reduced,  and  the 

ilio-tibial  muscle  arises  from  the  ilium  only  by  the  help  of 
tendons.     Its  deeper  fibres,  however,  in  course  of  time,  took 
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their  origin  from  the  distal  two-thirds  of  the  femur,  and  thus 
produced  a  very  strong  and  serviceable  muscle,  the  m./(5mon>- 
tibialis,  which  could  fulfil  the  function  now  required  of  it  (viz., 
extension  of  the  leg  exclusively),  in  the  most  direct  way  with 
the  smallest  possible  amount  of  muscular  material. 

In  birds  the  most  superficial  layer  of  the  mass  is  very  much 
thinned  out,  and  reaches  the  tibia,  not  independently,  but  only 
by  attaching  itself  to  the  tendon  of  the  underlying  femoro-tibial 
muscle — the  muscle  which  became  so  strongly  developed  at  the 
expense  of  the  superficial  parts. 

Lastly,  in  man  and  in  other  mammals  the  suppression  of  the 
reptilian  m.  extensor  tibialis  is  carried  out  to  the  extreme,  as 
there  is  nothing  left  of  it,  except,  so  to  speak,  the  mere  tendinous 
or  aponeurotic  sheath ;  it  has  degenerated  into  the  fascia  lata  or 
tensor  vaginse  femoris. 

3rd  Case. — Itongitvdinal  division  of  musdes. — ^This,  as  a  rule, 
has  taken  place  in  such  cases  where,  e,g,,  in  an  animal  A,  a 
certain  muscle  is  supplied  by  nerves  from  the  crural  and  from 
the  ischiadic  plexus ;  while  in  another  animal  6,  that  muscle  is 
represented  by  two,  one  of  which  is  supplied  by  a  crural,  the 
other  by  an  ischiadic  nerve.  Examples  of  such  a  longitudinal 
division  are  the  mm.  pztlnrtdnalis,  aTnMens,  and  rectt^  fem/ms 
intemus,  these  having  been  separated  off  from  the  original  Uio- 
tibialis  mass.  Further,  the  mm.  fiexores  tibiaies  or  the  adductors 
proper;  these  by  longitudinal  division  develop  an  external 
and  an  internal  mass,  which  again  are  Uable  to  be  split  up  into 
secondary  and  very  variable  par(s,  even  in  one  and  the  same 
species  of  animal. 

Most  of  the  short  toe  muscles  seem  to  have  resulted  from  the 
splitting  up  of  an  originally  broad  and  flat  muscular  layer.  This 
view  is  supported  by  the  fact  that,  in  many  cases,  the  division 
does  not  yet  extend  to  the  proximal  part  of  the  layer. 

The  muscular  mass  called  ilio-feTnoralis  in  Urodela  and  Beptilia, 
has  in  birds  become  differentiated  into  four  muscles  (see  table 
on  p.  512) ;  this  is  due  to  longitudinal  division  as  well  as  to 
separation  into  layers. 

The  m.  ilio-JSnUaris  most  probably  is  nothing  other  than  the  pos- 
terior or  most  caudally  situated  part  of  a  dorsal  muscular  mass, 
which  arose  from  the  whole  crest  of  the  ilium,and  was  inserted  into* 
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the  tibia  and  fibula.  Gryptobranchus  and  Menobranchus  prove 
that  such  a  broad  dorsal  muscle,  extending  from  the  ilium  to  the 
proximal  end  of  the  leg,  could  quite  well  exist  as  long  as  the 
limb  was  rarely,  or  at  any  rate  not  constantly,  bent  at  the  knee ; 
but  through  such  a  bending  the  whole  dorsal  muscular  mass 
became  at  once  subject  to  the  mechanical  influence  of  the 
modified  direction  of  forces:  the  whole  stratum  split  longitu- 
dinally into  two  parts, — ^the  one  an  anterior  {m.  extensor  Uio- 
tibialis),  the  other  a  more  caudal  or  dorsally  situated  one  (m. 
iHo-JSmlaris).  The  latter,  after  the  bent  knee  had  become  the 
more  usual  position,  could  no  longer  act  upon  the  leg  either  as 
an  abductor  or  as  an  extensor,  but  became  a  flexor  pure  and 
simple,  a  function  up  to  that  time  totally  strange  to  it. 

4ih  Case. — Formation  of  a  new  rnttsde  h/ fusion  of  two  muscles 
originally  separated,  as  indicated  by  their  nerve-supply. — ^This 
process  of  course  decreases  the  number  of  muscles.  In  reptiles 
and  mammals  some  of  the  short  dorsal  and  plantar  toe  muscles 
form  new  kteral  muscles  by  fusion.  Instances  of  this  are  rare, 
but  that  it  do6£r  take  place  may  be  seen  in  the  m.  gltUetis 
posterior,  m,  tensor  fa^sdce  latce  of  the  Batitae,  and  many  other 
birds,  where  these  muscles  have  now  become  morphologically 
and  physiologically  one. 

5th  Case. — Changing  of  a  mttsde  in  shape  and  situation  by 
alteration  of  its  origin  and  insertion. — In  this  case  the  muscular 
elements  are  often  greatly  increased,  but  may  also  be  decreased  in 
number,  and  the  whole  muscle  may  become  so  completely  altered 
in  appearance  that  it  is  impossible  to  recognise  it  without  the 
aid  of  its  nerve-supply.  As  a  rule,  the  origin  is  more  subject  to 
variation  than  the  insertion.  The  m.  guadratus  Iwmhorum  shows 
how  extensively  the  inserting  part  of  a  muscle  can  change  its 
place.  The  arvihiefiM  muscle  varies  also  very  much  in  its  mode  of 
origin.  In  Alligators  it  arises  from  the  anterior  spine  of  the 
iUum,  but  in  Hatteria  and  in  Testudo  from  the  processm  lateralis 
pubis ;  in  Monitor,  Lacerta,  and  others  from  the  inner  and  ventral 
aspect  of  the  preacetabular  part  of  the  ilium,  close  to  the  stcetabu- 
lum ;  while  in  other  Saurians,  as  in  Iguana,  Pterodactylus,  and 
Chameleon,  its  origin  has  passed  over  to  the  acetabular  part  of 
the  OS  pubis.  The  distal  end  of  the  ambiens  muscle  may  either 
pass  over  the  knee  and  form  the  head  of  the  flexors  of  the  toes 
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(Crocodiles),  or  its  tendon  may  become  attached  to  that  of  the 
ilio-tibial  and  to  that  of  the  f emoro-tibial  muscle  (Hattena  and 
most  other  reptiles).  ' 

The  most  striking  example  of  the  extent  of  change  which  may 
be  undergone  by  a  muscular  layer  is  aflForded  by  the  m.  pvbi- 
ischiO'tibicUis.  We  can  imagine  seven  different  conditions  or 
forms  under  which  this  muscular  mass  may  be  developed. 

1st  Form. — The  8uj>erficial  muscular  layer  on  the  inner  side  of 
the  thigh  (originally  the  continuation  of  the  m.  dbliquus  abdominis) 
arises  not  only  from  the  whole  of  the  ligam.-pubi-ischiadicum, 
but  also  from  the  symphysis  ischii,  and  eventually  from  the  os 
dodcale.  It  is  inserted  broadly  into  the  inner  aspect  of  the 
proximal  part  of  the  tibia.  The  part  between  that  bone  and  the 
OS  pubis  is  supplied  by  nerve  branches  from  the  crural  plexus, 
or  from  the  obturator  nerve,  while  the  rest  of  the  muscle,  the 
more  posterior  part,  receives  branches  from  the  plexus  ischiadicus. 
Thus  we  have  a  muscle  which  in  origin  and  nerve-supply  is 
thoroughly  pvbi-ischiadic  (Hatteria). 

2nd  Form. — In  order  to  use  this  broad  muscle  as  a  mere 
adductor,  and  on  the  other  hand  as  an  adductor-levator  of  the 
leg,  the  muscle  splits  longitudinally  into  two,  and  we  have  then 
an  ischio-tibial  and  a  pubi-tibial  muscle,  each  with  a  different 
source  of  nerve-supply.  This  form  is  found  sometimes  in 
Monitor. 

3rd  Form. — If  the  function  of  the  pubic  or  anterior  part  of  the 
muscle  becomes  superfluous,  or  is  no  longer  required,  it  becomes 
aborted,  and  leaves  as  its  representative  only  the  posterior  part ; 
this,  of  course,  is  only  incompletely  homologous  with  the  whole 
primitive  mass,  and  from  its  nerve-supply  and  origin  we  might 
now  call  it  a  m.  iscMo-tibialis. 

Uh  Form. — Or  the  posterior  part  may  disappear,  and  the  crural 
remain ;  we  then  have  a  pubi-tibial  muscle  (in  mammals  known 
as  m.  gracilis). 

5th  Form. — ^The  whole  muscle  may  become  unnecessary,  and 
may  disappear  altogether  (Crocodiles). 

Lastly,  we  have  to  mention  complications  of  the  above  stages 
The  conditions,  in  particular  the  extent  of  the  origin  and  the 
mode  of  nerve-supply  of  this  muscle  in  certain  Saurians,  make 
the  following  hypothetical  case  probable : — 


fW 


OBSERVATIONS  IN  COMPARATIVE  MYOLOGY.  509 

6th  Form, — ^The  ischio-tibial  part,  representing  the  3rd  form, 
after  the  crural  part  has  disappeared,  can  increase  the  number 
of  its  fibres,  and  by  creeping  along  the  lig.  ptibi-ischiadicum  can 
extend  its  origin  up  to  the  proc.  lot,  pvhis.  Such  a  muscle,  if  it 
were  not  for  its  exclusively  ischiadic  nerve-supply,  would  have  a 
striking  resemblance  to  the  original  pubi-ischio-tibial  mass. 

1th  Form. — The  crural  part  might  greatly  multiply  its 
elements,  when  we  should  have  a  muscle  arising  from  the 
whole  pubi-ischiadic  ligament,  and  inserted  into  the  tibia,  but 
with  crural  nerve-supply. 

6th  Case. — ^Any  muscle  may  become  superfluous,  either  because 
it  may  be  put  out  of  action  by  a  given  position  of  the  limbs 
becoming  permanent,  or  because  the  work  hitherto  done  by  the 
muscle  can  be  better  done  by  neighbouring  muscles,  or  because 
its  special  activity  is  not  required  any  longer.  In  all  these  cases 
the  muscle  will  become  aborted,  and  will  either  form  an  acces- 
sory supporting  part  to  another  muscle,  or  it  may  become 
converted  into  an  aponeurosis  and  finally  disappear,  without 
leaving  any  trace  of  its  former  existence. 

Section  3. — On  the  Arrangement  of  the  Muscles  of  the 

Hind-Limb. 

Table  L — TJie  Muscles  Arranged  cuxording  to  their  Jruertion, 

I.  Inserted  into  the  pelvis-^ 
H.  oblig.  abd.  ext 
quadrat,  limb, 
rect.  abdomin. 
ilio-caudal. 
iscbio-caudaL 

II.  Inserted  into  the  thigh — 
M.  quadr.  lumb.    ^ 

ilio-fem.  I  ,       _ 

caud-iLfem.     Momlmass.    ^ 

caudi.  fem.       j  l  proximal  or  deep  cone, 

pub.  isch.  fem.  )       ^    .  I 

Uchio-fem.        {  ^*«'*^  "^  } 

IIL  Inserted  into  the  leg — 
M.  pubi-tibial.        "^ 
ambiens.  | 

femoro-tibial.     \^  dorsal  ma«. 
ilio-tibiaL 

iliofibal.  J  ^  distal  or  superficial  cone. 

MM.  flezores  tibiales  )        .    , 

M.  pub.  MdL-tib.     |"»t«l"»-»J 
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Table  II. — The  Muscles  Arramged  according  to  their  Innervation, 


Plez.  croralia+n.  ob- 

Plez.  i8chlad.+po8t 

sacral  nervea,  ozcln- 

sWely. 

Flex.  l8chlad.+n.  ob- 

Plex.  cmral  +n.  obtnr. 

tnrat.  excliuiydy. 

tnrat.  (ventral  muscles). 

(dorsal  mnades). 

Ifm.  obliqutabdomin. 

lateralis  caude. 

pab.  ischlo-tib. 

M.  qnadr.  Inmb. 

caudi-femoral. 

lUo-feraoralis. 

pabl-tiblalis. 

eaod.  il.  fern. 

ischlo-femoral. 

ambient 

iUo-flbnlar. 

flex,  tibial,  int 

lUo-tlbialis. 

femoro-ttblalla. 

flex,  tibial,  ext 

pub.  tsch.  fern. 

pub.  iach.  fern,  pos- 

pab. iach.  fern  ext. 

int 

terior. 

; 

We  learn  from  these  tables  that  the  muscles  of  the  hind-limb 
of  the  reptiles  (^nnot  be  arranged  in  natural  groups,  either  by 
their  insertion  alone,  or  by  their  relation  to  the  two  principal 
nerve  plexuses  of  the  pelvic  region.  Their  origin  affords  a  still 
less  satisfactory  guide,  in  consequence  of  the  great  variations 
to  which  it  is  subject. 

An  arrangement  founded  upon  the  nerve-supply  of  these 
muscles  would  likewise  be  impossible,  since  many  of  them  are 
supplied  by  both  plexuses^  and  the  lower  the  stage  in  which  the 
animals  stand  in  their  general  development  the  greater  is  the 
number  of  such  muscles  with  a  double  nerve-supply. 

Again,  the  nerve-supply  cannot  be  the  principal  character  in 
cases  where  the  same  muscle  as  the  Saurians  has  in  one  species 
a  crural,  and  in  the  other  an  ischiadic  nerve  supply.  This  may 
be  illustrated  by  the  ischio-femoral  muscle  of  Saurians.  This 
muscle  in  Ophryoessa  and  Monitor  is  supplied  by  branches  from 
the  obturator-nerve  and  from  the  i&chiadic  plexus,  while  in  Iguana 
and  Lacerta  it  receives  them  only  from  the  latter ;  again,  in  Cro- 
codiles and  Chelonians  it  is  supplied  only  by  the  obturator  nerve. 
Now,  supposing  we  did  not  know  the  conditions  of  this  muscle  in 
such  forms  as  Ophryoessa  and  Monitor,  we  should  feel  perfectly 
justified  in  saying — if  we  take  the  nerve-supply  as  our  principal 
guide — that  the  ischio-femoral  muscle  of  a  Crocodile  is  totally 
different  from  that  of  Iguana,  in  spite  of  all  similarity  in  situa- 
tion, origin,  and  insertion.  And  yet,  as  shown  by  Monitor,  it  is 
one  and  the  same  muscle,  it  is,  however,  not  completely  homo- 
logous in  the  different  animals,  in  so  far  as,  in  Crocodiles,  it  has 
lost  or  perhaps  has  not  yet  developed  the  ischiadic  part,  while 
in  Iquana  the  crural  part  is  absent. 

Another  illustration  of  such  incompletely  homologous  muscles 
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is  sbown  by  the  many  changes  undergone  by  the  pubi-ischio- 
tibial  muscle. 

The  cases  just  narrated  show  that  nerve-supply  cannot  well 
be  used  for  separating  the  muscles  into  groups,  but  prove  beyond 
doubt  that  the  innervation  is  of  the  greatest  value,  and  often 
the  only  guide  we  have  by  which  to  work  out  the  genetic  relations 
of  muscles.  It  follows,  therefore,  that  any  classification  of  the 
numerous  muscles  of  the  hind-limb  will  have  to  be  based  upon 
their  mutual  relationship.  To  ascertain  this,  we  must  revert  to 
earlier  but  typical  forms  where  the  muscles  are  fewer  in  number; 
and,  lastly,  we  must  trace  even  these  back  to  their  earliest  primi- 
tive conditions.  This  might  be  done  perhaps  ontogenetically  by 
embryological  research.  In  our  case,  however,  we  proceed 
phylogenetically. 

On  comparing  the  muscles  of  the  reptiles  with  those  of  man, 
it  is  seen  what  phylogenetically  has  actually  become  of  the 
muscles  of  the  reptiles ;  whilst,  on  the  other  hand,  if  we  compare 
them  with  those  of  the  much  lower  Urodela,  we  see  from 
what  they  have  been  developed.  In  other  words,  we  see 
both  past  and  future  of  such  muscles.  The  following  table 
is  an  attempt  to  arrange  the  muscles  of  the  posterior  half 
of  the  vertebrate  body  into  groups,  and  to  point  out  into  what 
muscles  the  primary  muscular  mass  of  the  lateral  body  wall  has 
been  differentiated  in  the  Urodela,  Beptiles^  Birds,  and  in  Man. 
The  Anura  are  not  included  in  this  table,  since  these  animals 
are  specialised  into  forms,  which  are  so  aberrant  that  they  would 
only  mislead  us  in  our  attempts  to  understand  the  higher 
vertebrata.  The  musculatur  of  the  frogs  is  in  many  respects 
more  highly  differentiated  than  that  of  man. 
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Table  lllo. 

- 

HnKular  Stratni 
of  the  Body  W»ll 

1. 

Reptilea. 

Birds. 

Han. 

li 

1 

+ 

+ 

IntemnUl 

Serrati 

Qaadnt.  lamb, 
latercost.  iut 
Scalare. 

1  Serrati +  B«Ull» 
Intercost  eit  et  longi 
t             1  Quad-  lumbor. 

+ 
+ 

[ 
mo-Ubtalvi 

-    1 

nio-tmalU 
(in  Saurnas) 

+  ambiena 
and  pubi-tib. 

femora- 

Iliac  ext  m»d. 

Iliac  ext.  poiL 
GIutsuB  ant. 
Eitens.ilio-tib. 
+  t«n.  fasc.  Ut 
Ambiena 
SartonuB 
Olulanupoit. 
tibialis 
-f  rect.  fsm.  int 

Glat  med.  et 
miniino8(pt.) 

Tensor  vagilUE 

femoria 
Eect  int.  fern. 

(pt-) 
SartoriUB 
Mm.  TMti 
'    -Hcniretu 

V 

+ 

+    PoW-tochio-  I 
femoralia     } 

iiio-fii 

Pub..i«!h..fetD. 
int.paral.4ll. 
pftra  III. 

ularU 
IliacnB  int 

Biceps,  +GIuL 
maximuB(pt.) 
PectineuB 
Ilio-paoMT 

+ 
+ 

Pidn-ixhio-  i 

ftmirralit     \ 

Iwhio- 

pDb.-iBch.-tib. 

■l-pubi-tibtaUB 

Pvh..isch..     ) 
poflterior 

PlA-Mcft.-HJ. 

(onljinLiMidB 

Pub.  isch.  fern 

(Pt) 
^Obturator      ( 

Pub.  iach.  fern 

Obtur.  extern. 

Gemelli 
Quadrat  fern. 
ObtOT.  inter. 
Adductlongna 
brevia 

Gradlis™'^'" 

+ 

+  caudal-femor.  j 

candi-femowl. 
caudi-Uio-fem. 

cand.  iBch.  iL 
fern. 

P;rirormis 

+ 

caudal-pabi- 

ischio-tib. 

Flex,  tib.  Bit 

c«ud.  a  flet 

Glut  mai.  (pt 
-hSemitendm) 

+ 

iachio-flexor 

fiex.  ta.  ini. 

iachio-flez. 

SemimEmbran. 

\ 

.A'.if  —The  mnaclet  in  italic  have  a  doable  nerre-suppl;. 
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Table  III5.— 

Muaelesofthe  Tail 

Urodela. 

Crocodil. 

Saorii. 

CheloniL 

Avea. 

r  'g    (     M.  candffi  dorsalis  (continaa- 
E    <         tion  of  the  m.    longisaim- 

Levator  caudiB 

Q    (        dorsi  of  the    muB,    inter- 

(testococcygeas) 

(levator 

spinales,  &c.) 

coccygis) 

Pars  iliaca 

ilio-caudalis 

ilio-sacro- 
caudalis 

levator 
coccygis  (pt.) 

J 

^ 

Sacro-caadal. 

Depressor 

i 

• 

coccygis 

s 

Pars  ischiadica 

o 

3i 

(Superficial 

layer) 

(middle  layer) 

S 
constrictor 

phincter  cloacsB 

+  retractor 

tort 

0 

cloacee 

(deeper  layer) 

ischio-caudal 

ischio-cand. 

f  pubi-coccyg. 
i      extemos 

■ 

»                      A                                 W                 ' 

+  dilatator 
doacse 

pubi-caud. 

>- 

+  mm.  geni- 

lumbo-cand. 

pu})i-coccyg. 

talium 

+  retractor 
penis  vel 
clitoridis 

intemns 
Mm.  geni- 
talium 

(deepest  layer) 

M.  caudi'femo- 

m.  caudi- 

.         [          "         ■ 

ral 

femoralis 

The  mascles  printed  in  italics  are  supplied  by  nerves  from 
two  different  plexuses. 
From  this  table  we  can  draw  the  following  conclusions : — 

(1)  The  number  of  pelvic  and  thigh  muscles  proper  (division  B), 
increases  considerably  from  the  Urodela,  through  reptiles  and 
birds  to  man,  there  being  developed  in  each  11, 15, 18,  and  21 
diflferent  muscles  respectively. 

Again,  as  indicated  by  the  table,  this  increased  number  in  the 
higher  vertebrata  results  from  the  division  of  the  muscles  already 
present  in  the  next  lower  group.  In  other  words,  the  Urodele 
is  less  specialised  than  the  reptile,  and  this  again  is  surpassed 
by  the  mammal.  It  may  seem  trivial  to  mention  these  well- 
known  facts,  but  it  certainly  is  of  interest  to  observe  that  the 
muscular  system  marches  step  by  step  with  the  whole  organism 
along  the  lines  of*its  development. 

(2)  Specialisation  of  the  muscles  i3  likewise  indicated  by  the 
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proportion  in  which  muscles  with  double  innervation  {b)  stand 
to  the  total  number  of  the  muscles  (a).  Thus  in  the  Urodela, 
with  a  total  number  of  11,  there  are  three  muscles  belonging  to 
the  b  category,  i.e,,  27  per  cent. 

In  the  reptiles,  taken  as  a  whole,  these  numbers  would  be  in 
the  proportion  of  16  :  6,  the  percentage  being  about  37.  This 
would  seem  to  be  contrary  to  what  we  might  expect,  but  we  have 
to  bear  in  mind  that  the  Crocodiles,  Saurians,  and  Ghelonians  are 
widely  different  from  each  other  in  their  muscular  arrangement 
The  numbers  in  the  single  groups  are — 

Crocodiles   Monitor.  Other  Iiiz-anis.  Chelonia. 

a  (Total  nnmber) 10  11  12  11 

b  (With  doable  nerve-sapply),    .34  8  3 

Percentage, 28  27  25  27 

No  fair  average  therefore  can  be  struck  for  the  reptiles.  But 
an  indubitable  decrease  of  such  doubly-innervated  muscles 
takes  place  in  the  Batitae ;  and  as  these  birds  possess  at  least 
hree  muscles  more  than  the  Saurians,  the  proportion  ot  a  :b 
must  be  considerably  less  than  in  either  Beptiles  or  Amphibia. 
It  is  about  12  per  cent. 

Lastly,  in  man  it  is  normally  only  the  m.  adductor  magnus 
which  is  supplied  by  nerves  from  the  ischiadic  and  from  the  crural 
plexuses,  and  as  in  man  about  twenty  muscles  are  developed 
in  the  pelvo-general  region,  the  percentage  would  be  no  more 
than  5. 

(3)  As  it  is  chiefly  the  muscles  of  the  group  b,  by  the  differen- 
tiation of  which  in  the  next  higher  class  of  animals  an  increased 
number  is  produced,  we  are  justified  in  supposing  that  a  muscle 
represents  a  lower  stage  if  it  has  a  nerve-supply  from  two 
different  plexuses, 
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FAT  EMBOLISM.      By  Egbert  Saundby,  M.D.  Edin.,  and 
Gilbert  Barling,  M.B.  Lond.,  F.RC.S.  Eng.    (Plate  XIII.) 

Although  the  subject  of  fat  embolism  has  been  before  the 
profession  for  twenty  years,  and  has  been  the  subject  of  many 
important  contributions  to  periodical  literature,  it  has  been  slow 
in  obtaining  any  general  degree  of  acceptance,  and  is  still  men-  • 
tioned  exceptionally  in  our  text-books. 

In  1862  Zenker  noticed  that  embolism  was  produced  in  the 
lungs  by  fat  introduced  into  the  veins  in  the  case  of  a  man  who 
had  been  crushed,  but  the  condition  was  not  considered  by  him 
as  of  much  importance.  In  the  same  year  Wagner  made  a 
similar  discovery,  but  regarded  it  as  rather  the  result  of  a 
pyaemic  condition  than  as  the  consequence  of  the  crushing  of 
fat-containing  tissue.  But  in  1865  Wagner  and  Busch  published 
further  independent  accounts  of  fat  embolism,  showing  that  it 
occurs  in  all  cases  of  fracture  of  bones  to  a  greater  or  less  extent, 
that  the  embolism  generally  implicates  other  organs  besides  the 
lungs,  and  that  it  gives  rise  to  symptoms  which  are  capable  of 
being  recognised  during  life.  They  suggested  that  it  might 
explain  some  cases  of  death  hitherto  ascribed  to  shock.  More- 
over, they  showed  that  the  embolism  varied  in  amount  in  direct 
proportion  to  the  extent  of  injury  to  the  cancellous  tissue  of  the 
l^one,  and  that  the  fat  passed  into  the  circulation  by  the  great 
veins  and  larger  lymphatics.  Further,  they  suggested  that 
embolism  may  occur  in  cases  of  bone  degeneration  without 
injury.  Dr.  Busch's  paper  contained  an  account  of  a  case  in 
which  death  had  actually  resulted  from  fat  embola;  yet  very 
little  notice  seems  to  have  been  attracted  towards  the  subject 
until  the  publication  of  Professor  Czemy's  ^  paper  towards  the 
end  of  1875.  Czemy  related  the  case  of  a  man  admitted  with 
a  transverse  fracture  of  the  thigh.  The  iSrst  abnormal  symptom 
was  the  rise  of  temperature  to  102''*6  Fahr.,  which  took  place 
on  the  day  after  the  injury.  In  the  evening  his  pulse  and 
respirations  were  rather  rapid ;  land  as  he  was  restless  and  unable 
to  sleep  a  little  morphia  was  given  him  at  9  P.M.,  and  as  this 

1  Berlin  Klin.  JFoch.,  1875,  Nos.  44  and  45. 
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had  no  effect  it  was  repeated  jiist  before  midnight  A  few  hours 
later  his  breathing  became  loud  and  rattling,  and  on  examination 
he  was  found  to  be  quite  comatose,  cyanosed,  and  breathing 
deeply  and  rapidly.  There  were  loud  bubbling  r&les  in  the 
chest,  but  the  percussion  note  was  clear  and  somewhat  tym- 
panitic. The  pulse  was  100,  full  and  strong ;  the  pupils  were 
contracted,  and  insensible  to  light.  There  was  no  reaction  to 
external  stimuli.  He  died  at  7.30  a.m.  on  the  third  day, 
about  thirty -eight  hours  after  the  injury.  The  last  symptoms 
observed  were  convulsive  twitchings  of  the  arms,  profuse  per- 
spiration, and  tracheal  rslles.  At  the  post-mortem  examination 
the  lungs  were  found  oedematous,  and  marked  with  small 
bright  red  spots  and  streaks,  and  on  microscopical  examination 
the  smaller  arteries  and  capillaries  were  distended  with  fluid  fat, 
which  was  equally  distributed  over  both  lungs.  Branching  fat 
embola  were  found  in  the  brain,  in  the  pia  mater,  and  cerebral 
substance,  their  sites  being  indicated  to  the  naked  eye  by 
numerous  punctiform  ecchymoses.  The  liver  and  kidneys  also 
contained  a  number  of  similar  embolisms. 

In  1877  Dr.  Arthur  Boettcher  ^  reported  a  case  of  death  from 
fatty  embolism  of  the  pulmonary  vessels  after  a  gunshot  wound 
of  the  knee-joint  There  was  in  this  case  an  unusual  abundance 
of  subcutaneous  fat,  and  free  oil  was  found  in  the  iliac  veins 
and  the  cavities  of  the  heart 

In  October  of  the  same  year,  Dr.  D.  J.  Hamilton^  published  a 

case  of  laceration  of  the  liver,  followed  by  fatty  embolism*  The 
patient,  a  lad,  was  so  little  hurt  that  he  was  able  to  walk  about, 
but  in  an  hour  or  two  he  became  much  distressed,  his  breathing 
became  embarrassed,  and  coma  supervened,  death  occurring  in 
a  few  hours.  At  the  post-mortem  examination  the  liver,  which 
was  peculiarly  fatty,  was  found  to  have  sustained  a  few  small 
lacerations.  The  embola  were  discovered  accidentally;  they 
were  present  in  the  lungs  and  kidneys,  being  more  numerous  in 
the  lungs. 

In  the  following  year,  M.  Ddj^rine  brought  before  the  Soci^t^ 
Anatomique  an  account  of  two  cases  of  fatty  embolism  occurring 
after  fractures.    In  the  first  case  there  had  been  some  heemor* 

'  Dorpater  Med.  ZeUschrift,  1877,  p.  826. 
«  BriHsh  AfecL  Journal,  Oot  1877. 


'4 


FAT  EMBOLISM.  517 

\  rhage,  the  pulse  was  small  and  frequent,  the  respirations  were 

quiet,  and  death  occurred  in  two  hours  and  a  half.  The  blood 
contained  a  large  proportion  of  fat,  and  the  vessels  of  the  lungs 
were  crowded  with  embola.  The  absence  of  dyspnoea  and  coma 
is  noticeable,  and  may  be  held  to  indicate  that  death  was  due  to 
some  cause  other  than  the  embolism  of  the  pulmonary  vessels. 

In  the  second  case  death  occurred  in  thirty-six  hours,  and 
embola  were  found  in  the  lungs,  but  the  report  is  very  brief,  tmd 
does  not  state  whether  any  symptoms  were  present  during  life. 

In  March  1879  M.  D^j^rine  brought  the  subject  before  the 
Soci^t^  de  Biologie,  and  stated  that  since  the  publication  of  these 
two  cases  he  had  met  with  ten  others  in  which  this  condition 
was  present^  He  found  that  the  number  of  embola  varied  with 
the  extent  of  the  injury  to  the  bone.  He  had  made  experiments 
on  animals — first  by  simply  fracturing  the  bones  when  the 
amount  of  embolism  was  very  small,  and  afterwards  by  intro- 
ducing a  foreign  body  into  the  medullary  canal,  when  the  embola 
became  very  manifest,  and  the  fat  could  be  followed  from  the 
I  veins  of  the  limb  to  the  lungs.    But  when  a  substance  capable 

of  expansion,  such  as  a  tent  of  sponge  or  laminaria,  instead  of  a 
piece  of  wood  or  iron,  was  introduced  into  the  medullary  canal, 
the  lungs  became  literally  ii^jected  with  fat ;  and  he  considered 
that  this  indicated  the  probability  that  in  man  fat  embolism 
followed  the  development  of  acute  osteomyelitis,  giving  rise  to 
increased  pressure  within  the  medullary  cavity,  so  as  to  force  the 
fat  into  the  osseous  capillaries. 

At  the  Socidt6  Anatomique,  a  week  later,  M.  Duret^  reported 
a  case  of  compound  fracture,  followed  rapidly  by  death,  in  which 
oil  was  found  in  the  veins  of  the  limb,  and  free  oil  globules  in 
the  tissues  around  the  wound ;  and  he  remarked,  not  that  this 
was  a  case  of  death  from  fatty  embolism,  but  that  it  illustrated 
the  starting  point  of  that  condition  and  the  manner  in  which 
the  fat  obtains  entrance  into  the  circulation. 

Wiener,^  in  the  course  of  some  experiments  on  animals^  found 
that  the  oil  may  be  absorbed  from  the  serous  cavities  (peri- 
toneum, pleural  sacs),  or  from  the  subcutaneous  tissue.    The 

^  1  LeProg.  Mid,,  March  1,  1879. 

'  Le  Prog.  Mid.,  March  8,  1879. 
^  ArchivfUr  Exper,  PoUhologU,  Band  xi 
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intervention  of  lymphatic  glands  does  not  prevent  embolism.    A  ^ 

very  high  degree  of  embolism  is  required  to  produce  death, 
which  is  caused  by  general  pulmonary  cedema.  The  pheno- 
mena were  never  followed  by  any  general  rise  of  temperature,  or 
inflammation  in  the  embolised  organs.  The  fat  was  found  in 
the  urine  and  in  the  urinary  tubules  and  capillary  loops  of  the 
glomeruli,  so  that  it  is  excreted  by  this  channel,  according  to 
Wiener,  by  a  process  of  filtration. 

Dr.  Egli.  Sinclair  ^  has  stated  that  fatty  embolism  was  found 
in  10  per  cent,  of  all  the  bodies  examined  in  the  Pathological 
Institute  at  Strasburg.  He  summarises  the  causes  of  this  condi- 
tion as  follow : — (1)  crushing  of  fleshy  parts  of  the  body,  which 
contain  much  adipose  tissue ;  (2)  lesions  of  the  marrow  of  bones ; 
(3)  inflammatory  changes  (not  acute  osteomyelitis)  taking  place 
in  the  latter.  The  following  are  the  sjnuptoms  of  fatty  em- 
bolism:— The  patient  begins  suddenly  to  feel  weak;  the 
respiration  rises  to  about  60;  the  pulse  is  small  and  very 
frequent ;  the  temperature  is  high ;  rattling  is  heard  first  in 
the  bronchi,  then  in  the  trachea;  there  is  dyspnoea,  passing  ^ 

frequently  into  orthopncea ;  the  lips  are  covered  with  a  reddish 
froth ;  the  face  is  first  pale,  and  later  on  becomes  cyanotic ;  the 
extremities  are  cool,  and  the  pupils  contracted ;  the  patient  be- 
comes somnolent,  then  comatose,  and  finally  dies,  death  being  in 
some  cases  preceded  by  vomiting  and  convulsions. 

Jolly  ^  has  described  three  cases  in  which  fat  embola  were 
found  after  simple  mechanical  rupture  of  the  fat  cells  of  the 
subcutaneous  connective  tissue.  Symptoms  were  present 
during  life  in  three  cases  only;  in  these  the  embola  in  the 
pulmonary  vessels  were  very  numerous. 

In  1880  Mr.  Southam  of  Manchester  published  a  case  of 
double  amputation  of  the  lower  extremities  for  injury,  in  which 
death  seemed  to  be  probably  attributable  to  this  cause.  Twenty- 
four  hours  after  the  operation  the  patient  became  restless  and 
excited;  countenance  cyanosed,  pulse  and  respiration  rapid; 
there  was  no  dyspnoea  nor  any  rigors.  Delirium  set  in,  and  death 
ensued  seven  hours  after  the  commencement  of  these  symptoms. 
The  temperature  at  the  time  of  death  was  105°  Fahr.,  and  in 


1  Correapbl.  /.  Schtoeizer  Acryte,  No.  6,  1879. 
'  Arch,  f&r  Faych.,  Band  xi.  p.  201. 
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\  spite  of  Listerian  precautions,  the  wounds  showed  evidences  of 

putrefaction.  The  lungs  were  found  to  contain  numerous  fat 
embola.  Mr.  Southam  inclines  to  the  opinion  that  the  actual 
cause  of  death  was  acute  septicdemia. 

In  1881  Mr.  Mansell  Moullin^  published  twelve  cases  of 
fractures  of  bones  and  lesions  of  soft  parts,  in  which  he  bad 
found  fat  embola  in  the  lungs.  In  only  one  of  these  cases  were 
there  any  symptoms  during  life  to  indicate  the  existence  of  this 
condition,  and  in  that  case  the  number  of  embola  was  below  the 
average.  In  one  case  of  fracture  of  the  cervical  vertebrae  high 
up,  in  which  death  occurred  immediately,  there  was  most 
abundant  embolism.  He  draws  attention  to  the  old  observation 
of  the  occurrence  of  an  oily  pellicle  on  the  surface  of  the  urine 
of  fracture  patients,  and  demonstrates  the  passage  of  the  fat 
through  the  glomeruli  and  urinary  tubules.  He  refers  to  some 
experiments  by  Scriba,  who  found  that  in  order  to  produce 
death  it  was  necessary  to  inject  a  quantity  of  fat  equal  to  three 
times  the  weight  of  the  fat  contained  in  the  medulla  of  the 
>  femur.    He  is  inclined  to  the  view  that  pulmonary  embolism  is 

usually  free  from  harm,  and  that  when  ill  effects  ensue  they  are 
possibly  due  to  embolism  of  the  medulla  oblongata. 

The  following  case  occurred  in  the  General  Hospital,  Birming^ 
ham,  for  the  notes  of  which  we  have  to  thank  Mr.  Howard  Lowe, 
the  resident  surgical  ofiBcer  :-^ 

H.  G.,  a  strong  healthy  looking  man,  37  years  of  6ige,  was 
admitted  on  June  21, 1881,  with  a  compound  fracture  of  the  left 
leg,  caused  by  a  kick  from  a  horse  on  the  night  before  admission. 
He  was  a  good  deal  addicted  to  drinking,  and  was  not  sober  at 
the  time  of  the  accident  He  lay  by  the  roadside  two  or  three 
hours  before  he  was  found;  his  leg  was  then  bandaged  up  in  side 
splints,  and  he  was  driven  seven  or  eight  miles  to  the  hospital 
On  admission  he  seemed  to  be  in  good  general  health>  and  was 
very  talkative ;  the  fracture  was  comminuted,  and  the  wound  was 
filled  with  blood  clot  The  limb  was  placed  on  a  back  splint, 
and  carbolic  oil  dressing  applied.  The  temperature  that  evening 
was  101''  Fahr,    He  slept  well  during  the  night 

June  22,  10  A.M.,  his  face  was  rather  flushed  and  dusky,  and 
had  a  dull  heavy  look,  but  he  said  he  felt  very  well.    Tempera* 

1  The  Laneei,  July  30,  1881. 
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ture  101-4°  Fahr.,  pulse  113,  respiration  40.  Worried  look- 
ing, perfectly  quiet,  blood  clot  undisturbed.  About  an  hour 
later  he  fell  into  what  appeared  to  be  a  deep  sleep.  At  noon  he 
was  still  sleeping  heavily,  with  rapid  and  stertorous  breathing. 
Pulse  soft  and  dicrotic,  face  flushed  and  cyanosed;  could  be 
roused  with  difSculty  into  a  semiconscious  state;  pupils  were 
slightly  dilated  while  sleeping,  aud  became  more  dilated  when 
he  was  roused.  There  was  abundant  coarse  crepitation  at  the 
bases  of  both  lungs.  Towards  evening  the  cyanosis  increased, 
and  he  could  scarcely  be  roused  at  all.  Temperature  101*8^ 
respiration  42,  pulse  14''. 

June  23.  Cyanosis  more  marked.  Moans,  but  does  not 
speak  when  roused.  Yawns  sometimes.  Makes  a  grimace 
when  his  medicine  is  poured  into  his  mouth.  Passes  his  urine 
involuntarily. 

T.,  ...      99-8  101-6 

P.,         ....    121  114 

^w*,  •  •  .  ....  A,  X, 

June  24.  Cyanosis  more  marked.  Stupor  deeper.  Pupils 
equal  and  rather  contracted,  but  dilate  if  an  attempt  is  made  to 
rouse  him. 

T.,  ....     100-2  104-2 

P.,  ....    143  160 

£.,         ....      46  66 

He  died  at  10.50  p.m. 

At  the  necropsy  the  only  naked  eye  appearances  were  that 
the  brain  substance  was  much  injected,  there  were  numerous 
small  ecchymoses  on  the  surface  of  the  heart  and  lungs,  and  the 
bases  of  the  latter  were  much  congested  and  friable,  but  floated 
in  water;  finally,  the  large  arteries  were  stained  deep  red. 
The  fracture  was  slightly  comminuted,  and  there  was  much 
blood  extravasated  around  it,  but  there  was  no  suppuration.  On 
microscopical  examination  the  lungs  were  found  to  be  crowded 
with  fat  embola,  the  greater  number  beiQg  found  in  the  small 
arterioles,  few  having  reached  the  capillaries ;  in  the  kidneys  the 
embola  were  chiefly  in  the  vessels  of  the  glomeruli,  which  were 
sometimes  completely  injected ;  there  was  no  fat  to  be  seen  in 
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%  the  lumen  of  the  tubules ;  but  some  of  the  epithelial  cells  were 

loaded  with  minute  globules  of  fat     In  the  heart  the  embola 
were  rare. 

The  appearances  seen  in  the  lungs  are  represented  in  the 
accompanying  drawing  (PL  XIII.  fig.  1). 

This  case  resembles  in  its  chief  characters  the  classical  de- 
scriptions of  death  froYn  fatty  embolism  already  quoted,  and  the 
appearances  in  the  lungs  justify  the  belief  that  this  was  in  fact 
the  cause  of  death. 

Since  making  this  observation,  we  have  examined  the  lungs  in 

a  large  number  of  cases  dying  from  disease  or  accident    Out 

of  ten  cases  of  wounds  or  injuries,  embola  were  found  in  eight 

The  two  exceptions  were — 1.  tracheotomy ;  and  2.  herniotomy. 

The  eight  in  which  embola  were  found  were — 

(1)  An  elderly  woman,  leg  amputated    for    old    standing 

ulceration.     Death  twenty-four  hours  after  operation. 

Heart  very  fatty.    Death  probably  from  heart  failure 

due  to  shock. 

^  (2)  An  elderly  man,  fracture  of  the  skull,  with  haemorrhage 

from  middle  meningeal  artery.    Death  occurred  in  twenty- 
four  hours,  from  compression  by  the  effused  blood. 

(3)  A  girl,  compound  fracture  of  forearm  trnd  of  both  legs, 

with  simple  fracture  of  both  femora.     Death  occurred  a 
few  hours  after  admission. 

(4)  A  middle  aged  man,  fracture  of  ribs,  and  laceration  of 

lung.    Death  two  days  after  admission. 

(5)  A  middle  aged  man,  brought  in  dead,  fracture  of  skull, 

with  haemorrhage  compressing  brain. 

(6)  A  child,  simple  fracture  of  femur,  with  rupture  of  spleen, 

kidney,  and  diaphragm.     Death  occurred  two  days  after 
the  injury. 

(7)  A  middle  aged  man,  simple  fracture  of  pelvis  and  femur ; 

the  injuries  to  the  pelvis  were  very  extensive.    Death 
occurred  two  days  after  the  injury. 

(8)  A  middle  aged  man,  fracture  of  femur  and  tibia,  with 

opening  into  knee  joint,  and  fractures  extending  into 
joint     Death  occurred  after  two  days. 
In  none  of  these  cases  were  there  any  symptoms  during  life 
which  pointed  to  fat  embolism,  and  in  all  but  two  the  amount  of 
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embolism  found  after  death  was  very  slight.  In  two,  however, 
Nos.  3  and  7,  the  embola  were  much  more  numerous,  and  this 
excess  corresponded  to  the  extensive  character  of  the  injuries 
sustained. 

Yet,  although  in  these  two  the  embola  were  relatively 
numerous  when  compared  with  the  remaining  six  of  the  series, 
they  were  very  few  in  proportion  to  those  visible  in  the  case 
already  described  in  which  death  was  attributed  to  this  cause. 

In  the  cases  of  disease  no  fat  embolism  was  found,  with  one 
exception  to  be  referred  to  immediately.  The  cases  in  which  no 
embola  were  found  included  a  case  of  diabetes  without  milky 
blood,  and  a  case  of  dysentery. 

The  exception  to  which  reference  has  been  already  made  was 
a  case  of  diabetes  with  milky  blood,  notes  of  which  have  been 
published  by  Dr.  Eickards.^  In  that  case,  the  patient,  a  lad, 
died  rather  suddenly,  without  premonitory  symptoms,  the 
terminal  coma  being  preceded  by  a  slight  convulsive  seizure. 
At  the  autopsy  the  blood  was  found  to  be  very  fatty;  when 
first  seen  it  looked  like  melted  strawberry  ice,  and  on  standing  ^ 

the  surface  became  milky  white.  On  collecting  some  of  the 
blood,  and  putting  it  to  stand  in  a  conical  glass,  half  its  volume 
became  milky  white.  The  heart  contained  clots  of  white 
material  like  coagulated  milk.  These  were  apparently  com- 
posed of  a  mixture  of  fat  and  fibrine.  Under  the  microscope, 
the  fat  was  seen  to  be  in  a  state  of  extremely  fine  division,  vnth 
very  few  large  globules.  We  extracted  some  of  the  fat  from  the 
blood  by  ether,  and  obtained  it  again  by  evaporation.  Attempts 
to  stain  the  fine  emulsion  with  osmic  acid  failed.  The  lungs  and 
kidneys  were  examined  for  fat  embola,  and  the  appearances 
found  are  i*epresented  in  the  drawings  (PL  XIII.  figs.  1  and  2). 

In  our  opinion  these  appearances  do  not  constitute  embolisms, 
but  are  merely  due  to  the  presence  of  fat  globules  in  the 
coagula  which  have  formed  in  the  vessels  after  death.  It  will 
be  noticed  that  they  do  not  distend  the  walls  of  the  vessels,  as 
may  be  seen  in  the  case  of  death  after  fracture,  but  are  evidently 
of  less  diameter  than  the  lumen  of  the  vessel.  Moreover  it  is 
probable  that  even  these  globules  are  to  a  considerable  extent  of 
post-mortem  formation,  due  to  the  running  together  of  the  fine 

^  Birmingham  Med,  Review^  June  1882. 
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^  oil  granules  when  lying  Bide  by  side  and  separated  from  the 

serum. 

The  relation  of  fat  embolism  to  diabetes  has  assumed  a 
special  interest  since,  in  July  1879/  the  late  Prof.  Sanders  |of 
Edinburgh,  and  Prof.  D.  J.  Hamilton,  now  of  Aberdeen,  published 
a  paper,  in  which  they  contended  that  the  peculiar  terminal 
dyspnoea  and  coma  of  diabetes  are  due  to  lipaemia  and  fat 
embolism ;  and  in  support  of  this  proposition  they  relate  a  case 
of  diabetic  coma  in  which  the  blood  was  fatty,  and  in  which  fat 
embola  were  found  in  the  lungs  and  kidneys.  These  so-called 
embola  are  not,  however,  identical  in  appearance  with  those  seen 
in  injuries  to  adipose  tissue.  If  we  refer  to  the  plates  which 
illustrate  their  paper,  we  find  that  the  oil  globules  do  not  as  a 
rule  fill  up  the  lumina  of  the  vessels,  but  appear  to  be  embedded 
in  the  thrombi.  Moreover,  the  authors  state  that  the  oil  drops 
in  the  blood,  which  were  at  first  small,  not  larger  than  a  blood- 
corpuscle,  had  by  the  following  day  run  together  to  form  large 
globules.     It  seems,  therefore,  quite  probable  that  the  large 

{  globules  were  formed  after  death,  and  that  these  so-called  fat 

embola  are  mere  post-mortem  thrombi  with  fat  globules  em- 
bedded in  them. 

Dr.  Louis  Starr*  has  published  a  case  of  diabetes  with  milky 
blood,  in  which  so-called  fat  embola  were  found.  But  we  are  in 
doubt  whether  these  appearances  are  correctly  described.  The 
drawing  shows,  in  the  words  of  the  author,  "  transverse  sections 
of  the  small  arteries  in  the  larger  trabeculae  of  fibrous  tissue 
having  their  lumen  congested,  and  among  the  blood-corpuscles 
are  seen  globules  of  fat,  stained  black  by  the  acid."'  The 
oblong  branching  masses  are  probably  similar  masses  of  blood 
clot  containing  more  or  less  fat. 

Moreover,  the  retina  was  examined  by  Dr.  A.  G.  Heyl,  and 
he  has  described  its  appearance.  There  was  no  retinal  lesion, 
no  hsemorrhages,  or  embola,  but  the  retinal  vessels,  veins,  and 
arteries  were  of  a  light  salmon  colour. 

Finally,  the  patient  was  very  much  debilitated,  and  croupous 
pneumonia  was  present,  sufficient  in  amount,  in  Dr.  Starr's 
opinion,  to  have  determined  the  fatal  issue.    Here,  again,  there 

^  Edin.  Med,  Journal^  July  1879. 

3  The  New  York  Medical  Record,  May  1,  1860. 
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was  undoubtedly  fat  in  the  blood,  but  not  in  such  a  state  as  to 
cause  true  embolism. 

Dr.  R  H.  Fitz^  lias  reported  a  case  in  which  a  few  fatty 
embola  were  found  in  the  lungs ;  he  gives  no  drawings  or  details 
of  their  appearances,  but  there  can  be  little  question  that  a  "  few 
fatty  embola  "  in  the  lungs  could  not  give  rise  to  the  phenomena 
of  diabetic  coma. 

Dr.  Arthur  Gamgee  ^  has  published  an  account  of  two  cases  of 
diabetic  coma.  In  the  first,  analysis  of  the  blood  showed  it  to 
contain  13*55  parts  of  fat  per  thpusand ;  but  Dr.  Dreschfield  was 
unable  to  discern  any  embola  in  the  lungs,  kidney,  or  brain. 
In  the  second  case  the  blood,  post-mortem,  was  found  to  contain 
only  1'88  parts  of  fat  per  thousand,  a  quantity  which  cannot  be 
regarded  as  pathological 

Dr.  Frederick  Taylor  *  states  that  the  viscera  of  three  cases  of 
diabetes  dying  comatose,  with  milky  blood,  have  been  carefully 
examined  at  Guy's  Hospital,  but  no  embola  were  found. 

So  far,  then,  there  has  been  very  little  confirmation  of  the 
statements  of  the  Edinburgh  pathologists.  Hertz,^  indeed,  has 
stated  that  milky  blood  is  common  in  drunkards  and  in  acute 
pneumonia,  but  that  he  has  never  seen  any  harm  result  from  it. 

It  is  certainly  true  that  some  cases  of  diabetic  coma  have  not 
milky  blood,  and  it  is  only  exceptionally  the  case  that  those 
with  milky  blood  present  anything  that  could  be  cdUed  fatty 
embolism.  What  we  know  of  the  history  of  fat  embolism  in 
fractures  warrants  our  contending  that  much  more  decided  post- 
Tnortem  appearances  are  needed  to  justify  our  regarding  it  as  yet 
proved  that  any  case  of  diabetic  coma  has  been  rightly  attri-  < 

buted  to  fatty  embolism  of  the  pulmonary  vessels.  1 

Dr.  Howard  Bendall*^  has  described  the  occurrence  of  very 
extensive  fatty  embolism  of  the  pulmonary  vessels  in  acute 
farcy.  The  patient  suffered  from  intense  dyspnoea,  but  there 
was  considerable  coarse  disease  of  the  lung  (pneumonia).  Both 
Bayer  and  Bollinger  have  described  this  dyspnoea  as  of  frequent 


1  Boston  Medical  and  Surgical  JoumaJf  Feb.  10,  1881. 

*  A  Handbook  of  Physiological  Chemistry^  vol.  i.  p.  169. 

'  Ghi^s  HospiUd  Reports,  vol.  xxv.  p.  158.  a 

*  Deutsch.  Med,  Woch,  1881,  No.  27. 

*  Proceedings  of  the  Pathological  Society,  Brit,  Med.  Journal,  Feb.  11»  1881. 
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occurrence,  but  the  latter  attributes  it  to  the  coarser  lesions  so 
often  present.  Dr.  Bendall  was  able  to  show  that  the  source  of 
the  embola  was  the  free  oil  which  was  fonned  in  the  intra- 
muscular abscessea  When  the  pus  fell  intx)  water  a  considerable 
qutmtity  of  oil  rose  to  the  surface,  10-15  minims  in  an  ounce  at 
least  There  was  besides  a  rapid  fatty  necrosiB  of  the  tissues 
around  the  pustules,  and  the  adipose  tissue  had  broken  down, 
the  contents  of  the  cells  running  together. 

This  subject  requires  further  investigation,  as  Mr.  Stanley 
Boyd^  shortly  afterwards  described  the  microscopical  appear- 
ances in  another  case  of  farcy,  in  which  the  changes  described  by 
Dr.  Bendall  were  not  present. 


EXPLANATION  OF  PLATE  XIIL 

Fig.  1.  Fatty  embola  in  lung  after  fracture.     Death  by  coma. 
Hartnack,  oc.  3,  obj.  4.     Tube  drawn  out. 

^  Fig.  2.  Condition  of  pulmonary  vessels  in  a  case  of  diabetic  coma 

with  milky  blood.     Hartnack,  oc.  3,  obj.  4.     Tube  drawn  out 

Fig.  3.  The  vessel  marked  a  in  the  previous  figure,  highly  magnified. 
Hartnacky  oc.  3,  obj.  8.     Tube  drawn  out 

Fig.  4.  Medullary  portion  of  kidney  from  the  same  case  of  diabetes. 
Hartnack,  oc.  3,  obj.  4.     Tube  drawn  out. 

Fig.  5.  Portion  of  the  same,  highly  magnified.     Hartnack,  oc.  3, 
obj.  8.     Tube  drawn  out. 

'  Pathological  Society's  Proceedings,  Brit,  Med,  Jour,,  April  15, 1882.    • 
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MTCEOCOCCUS  POISONING.    By  Alex.  Ogston,  M.D., 
Surgeon  to  the  Aberdeen  Boyal  Infirmary, 

In  former  publications  upon  the  connection  between  micro- 
organisms and  acute  inflammatory  processes/  I  have  shown, — 1st, 
that  acute  inflammation  is  capable  of  being  produced  by  micro- 
cocci ;  2nd,  that  they  are  the  cause  of  acute  suppurative  inflam- 
mations in  man;  and,  3rd,  that  there  is  a  close  relationship 
between  acute  inflammation,  suppuration,  and  the  various  pro^ 
cesses  that  we  term  pysemic  and  septicsBmic.  A  considerable 
time  has  elapsed  since  the  report  left  my  hands,  and  during  that 
period  a  good  deal  has  been  written  that  bears  on  the  questions 
there  raised,  and  tends  either  to  conflrm  or  contradict  such  views 
as  those  there  expressed.  It  is  therefore  desirable,  and  it  will 
be  found  to  be  in  the  long  run  conducive  to  clearness,  that  the 
fsicts  and  arguments  of  the  former  report  be  here  briefly  restated 
and  commented  on. 

It  was  found,  in  an  examination  of  a  hundred  abscesses  in  man  (a 
number  that  has  been  considerably  increased  since  the  report  was 
published),  that  every  one  (save  thiteen  that  were  "  chronic  or  cold 
abscesses")  contained  micrococci  mingled  with  the  pus,  usually 
unmixed  with  any  other  micro-organisms,  but  sometimes  (in  12  per 
cent,  of  the  cases)  containing  other  forms,  bacillas,  bacterium,  or 
spirillum.  It  was  next  discovered  that  the  pure  micrococci  from  these 
abscesses  produced,  when  injected  in  a  dose  not  too  small,  similar 
abscesses  in  animals,  whether  injected  as  they  are  found  in  human  pus, 
or  after  cultivation  in  media  removed  from  the  influence  of  atmospheric 
air.  It  was  observed  that  *'  chronic  "  pus,  where  these  organisms  did 
not  exist,  produced  no  similar  eflects,  that  the  action  of  heat  or  dis- 
infectants rendered  the  ''acute"  pus  innocuoos,  and  that  the  piue 
micrococci,  cultivated  in  eggs  to  the  one  hundred  and  forty-six  millionth 
dilution,  produced  the  same  inflammation  and  abscesses.  This  clearly 
proved  that  the  micrococci  were  producers  of  suppuration,  and  the 
microscopic  examination  of  the  phuses  where  they  had  been  injected 
into  animals  afforded  evidence  of  the  correctness  of  this  by  revealing 
their  proliferation  there,  their  formation  of  the  first  inflammatory 
knot,  their  peripheral  invasion  of  the  tissues,  their  passage  into  the 
blood  during  the  stage  of  fever,  and  their  final  exclusion  from  the 

^  Report  on  Micro-organisms  in  Surgical  Diseases,  Brit.  Med.  Jour.^  March  12, 
1881,  p.  869 ;  and  Preliminary  Report,  entitled  "  Ueber  Abscesse,"  Archiv  f, 
KliTi,  Chir,,  1880,  Bd.  xxy.,  and  read  to  the  German  Sm^gical  Society,  9th  April 
1880. 


MICROCOCCUS  POISONING.  527 

system  by  the  formation  of  a  delimitiiig  wall  of  granulation  tissue  that 
arrested  their  invasion,  and  led  to  their  final  extrusion  amongst 
the  pua 

These  facts  have  been  contradicted  with  more  or  less  plainness, 
or  other  explanations  of  the  inferences  have  been  suggested.  lb 
concerns  me  to  draw  attention  tb  these. 

In  October  of  last  year  Uskofif/  of  Cronstadt,  under  the 
auspices  of  Professor  Ponfick,  published  a  series  of  experiments 
on  animals  consisting  of  subcutaneous  injections  of  bland  liquids 
(water,  milk,  or  oil),  of  irritating  liquids  (turpentine,  turpentine 
with  oil,  or  carbolic  acid  with  turpentine  or  water),  and  of  pus, 
and  the  results  they  showed  in  the  production  of  suppuration 
and  inflammation.  His  paper  has  received  some  attention, 
especially  in  English  medical  periodicals,  as  in  the  Lancet  of 
25th  October  1881,  and  the  BrUish  Medical  Journal  of  26th 
November  1881,  where  it  is  quoted  as  contradicting  the  theory 
that  acute  suppuration  depends  on  the  presence  of  micro- 
organisms. 

This,  however,  it  doe^  not  do.  Uskofifs  conclusions,  given  at  the 
close  of  his  paper,  are  that  micrococci  and  bacilli  are  admittedly  the 
producers  of  suppuration  in  many,  though  by  no  means  all,  cases ;  and 
that  strong  chemical  agents  can,  without  any  organisms,  produce  the 
most  intense  suppurations. 

UskofiTs  facts  will  well  repay  a  short  review,  and  it  will  be  found 
that  they  do  not  in  the  smallest  degree  shake  the  position  taken  up  in 
last  year's  report,  but,  on  the  contrary,  support  it  in  every  point  save 
where  the  reason  for  their  divergence  is  clear. 

I  assume  UskofiTs  microscopical  observations  to  be  correct,  although 
the  optical  means  he  used  are  not  mentioned,  and,  as  I  shall  afterwards 
show,  this  is  a  vital  point  in  all  observations  regarding  micro- 
organisms. 

Uskoff  injected  into  the  subcutaneous  tissue  of  dogs,  sometimes 
repeating  the  ii\jections  at  intervals  of  two  to  six  days,  bland  liquids, 
such  as  water,  milk,  or  oil,  purified  as  far  as  possible  by  boiling  and 
subsequently  cooled.  He  used  water  in  six,  milk  in  four,  and  oil  in 
eight  dogs,  in  all  eighteen,  experiments.  Of  these,  two  experiments 
with  water  and  six  with  oil  caused  no  detectable  suppuration ;  while 
the  remaining  ten  cases,  where  suppuration  occurred,  all  showed  the 
presence  of  micrococci,  with  bacilli  in  addition  in  two.  In  some  of 
these  (six  cases)  he  records  that  very  few  micrococci  were  present,  not 
a  surprising  statement  considering  that  in  four  the  suppuration  was 
very  slight,  while  in  the  other  two  where  the  amount  of  the  efUppuia- 

^  Virchow*8  Archiv^  voL  Ixzxvi  p.  160,  1881 
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tion  is  not  indicated,  the  quantities  of  b'quid  injected  had  been  300 
and  220  grammes  respectively,  or  more  than  9  and  7  fluid  ounces,  a 
quantity  that  would  readily  dilute  the  pus  and  all  it  might  contain.^ 

Uskoff  in  one  case  (his  second  one)  says  that  the  micro-organisms 
"could  not  be  recognised  with  absolute  certainty,"  a  very  strange 
observation,  as  will  be  afterwards  seen,  if  he  used  the  proper  optical 
means  for  detecting  them.  But  wij^h  every  qualification  the  result  of 
his  injections  of  bland  fluids  came  to  this :  th&t  wJierever  they  produced 
suppuration  micrococci  were  present,  while  no  micrococci  were  found 
where  they  caused  none. 

His  second  set  of  experiments  consisted  of  subcutaneous  injections, 
in  five  cases  of  turpentine,  in  four  of  oil  with  turpentine  (in  propor- 
tions of  5  :  1  and  10  :  1),  and  in  three  of  carbolic  acid,  diluted  in  one 
case  with  5  parts  of  turpentine,  in  another  with  2^  parts  of  turpentine, 
and  in  the  third  with  20  parts  of  water.  His  irritating  injections 
were  thus  twelve  in  number,  the  last  being  merely  the  ordinary  ''  one 
to  twenty "  carbolic  lotion.  As  might  have  been  expected,  this  last 
produced  no  suppuration,  and  thus  there  remain  for  consideration 
eleven  experiments,  in  all  of  which  turpentine  was  injected,  undiluted 
in  five,  and  in  the  others  not  weaker  than  1  :  10.  Where  injected 
pure  it  caused  extensive  necrosis  and  abscess,  without  micrococci  being 
present ;  and  where  it  was  diluted  it  caused  suppuration  in  four  cases, 
produced  necrosis  in  one,  and  was  without  result  in  one,  but  no 
organisms  were  present  in  any  save  perhaps  in  one,  concerning  which 
Uskoif  is  again  doubtful.  Uskoff  remarks  ^  concerning  this  series, — 
"  We  may  safely  conclude  that  in  these  experiments  the  production 
of  suppuration  is  attributable  to  the  tuipentma" 

No  one  is  likely  to  disagree  with  this  ;  turpentine  will  surely 
produce  suppuration,  and  without  experiment  the  same  thing 
may  with  the  highest  probability  be  predicted  of  many  another 
chemical  irritant,  such  as  a  strong  acid,  a  strong  alkali,  the 
strong  caustics  like  chloride  of  zinc,  and  many  others,  if  injected 
in  quantities  of  an  ounce  and  more,  as  done  by  Uskoff.  But 
that  has  little  to  do  with  the  suppurations  we  meet  with  in 
nature.  Nature  never  injects  turpentine  or  other  caustics  into 
oar  bodies  in  quantities  of  an  ounce  and  upwards,  and  until  the 
usual  processes  of  disease  are  changed  it  will  still  be  correct 
to  say  that  micrococci  are  the  producers  of  acute  suppuration, 
whatever  be  the  result  of  such  experiments  as  these.  It  certainly 
was  not  the  intention  of  the  previous  report  to  convey  the 

^  There  ib,  however,  an  additional  consideration  that  concerns  the  occurrence 
of  only  a  few  micrococci  in  some  abscesses  that  will  afterwards  have  to  be  dealt 
with,  and  that  also  has  its  bearings  on  UskofTs  experiments. 

'  And  possibly  the  belief  that  his  experiments  contradict  or  correct  mine  may 
have  been  induced  by  a  hasty  consideration  of  this  passage. 
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meaning  that  nothing  else  would  produce  abscess  saving  micio- 
coccus.  On  the  contrary,  it  was  expressly  emphasised  that 
chronic  abscesses  contained  no  organisms,  and  therefore  were  not 
due  to  micrococcus.  Several  causes  are  known  to  produce 
suppuration,  the  breaking  down  of  a  part  in  ^  state  of  fatty  oi 
inflammatory  degeneration,  as  in  the  cheesy  foci  of  glands  and 
bones ;  possibly  also  the  occurrence  of  great  tension  in  cavities 
distended  with  an  effusion  or  in  tissues  infiltrated  with  blood 
or  other  liquid,  a  cause  often  urged  by  Mr.  lister,  and  with 
which  we  must  all  to  some  extent  agree,  although  it  is  evident 
that  mere  tension  does  not  usually  lead  to  suppuration,  a  fact 
well  shown  in  advanced  cases  of  hydrocele,  ascites,  and  ovarian 
dropsy.  Chronic  and  acute  suppurations  are  identical  as  pro- 
cesses, but  are  due  in  the  former  to  a  less  irritating  and  in  the 
latter  to  a  more  irritating  cause.  Ko  other  difference  exists 
between  them,  and  the  revelations  of  recent  years  enable  ns  to 
form  a  tolerably  accurate  surmise  concerning  the  exact  mode  in 
which  each  is  produced. 

The  researches  of  Koster,  K5nig,  Volkmann,  Friedlander, 
and  others,  regarding  tubercle  and  caseous  disease,  demonstrate 
clearly  that  chronic  suppurations  are  the  specific  evidences  of 
local  manifestations  of  tubercle,^ 

Brouardel  and  Boatmy,^  on  the  other  hand,  and  the  investigators 
who  in  recent  times  have  in  such  numbers  occupied  themselves  with 
questions  of  decomposition  and  fermentation,  have  made  it  clear  that 
all  microorganisms,  as  well  those  that  cause  ordinary  decomposition 
(saprophytes)  as  those  which  produce  decompositions  not  identical  with 
putridity,  generate,  in  the  process  of  living,  changes  in  the  substances 
where  they  grow ;  or,  in  other  words,  that  in  feeding  on  the  soils  they 
live  in,  they  leave  residues  whose  atomic  constitution  is  so  changed 
that  new  substances  are  pi?esented  to  us  in  them,  some  of  them  virulent 
poisons,  some  of  them  g£^es,  some  offensive,  others  not  so,  and  that 
these  ptomaines^  or  cadaveric  compounds   vary  according  to  the 

^  Eheumatism  causes  inflammation  which  never  suppurates,  as  in  acute  articular 
rheumatism  ;  gout  does  the  same ;  tubercle  causes  inflammation  ending  in  chronic 
suppuration ;  micrococci  cause  inflanimation  ending  in  acute  suppuration.  In- 
flammation is  but  a  modiflcation  of  tisgae  growth,  and  variations  in  its  nature 
are  due  to  variations  in  its  cause. 

*  Sur  le  d^veloppment  des  Alcaloides  cadaveriques,  AnnaJea  cChygvhis  pvb* 
liqtie,  No.  22,  p.  344 ;  also  No.  31,  p.  9,  1881. 

3  Throughout  this  report  the  word  ptomaine  (irrdfia,  a  carcase)  is  used  to  signify 
any  poisonous  or  noxious  substance  generated  during  the  growth  of  micro- 
organisms, a  sense  greatly  more  extended  than  that  in  which  it  is  employed  by 
Brouardel  and  Boutmy. 
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organism  and  the  soil  where  it  may  be  growing.  Hence  we  leam  that 
just  as  alcohol  is  a  ptomaine  produced  by  the  torula,  so  the  smaller 
micro-organisms  have  their  special  ptomaXnes,  some  of  these  being  the 
gases  of  decomposition,  and  others  gaseous,  liquid,  crystalloid,  or  colloid 
substances  that  have  compositions  and  properties  concerning  which  we 
are  as  yet  ignorant 

It  will  not  occur  to  any  one  familiar  with  the  literature  of 
bacteria  investigation  to  deny  that  ordinary  forms  of  micro- 
organisms furnish  poisonous  ptomaines ;  for  this  is  made  evident 
by  the  results  of  injections  into  animals  of  septic  fluids,  out  of 
which  all  the  organic  constituents  have  been  filtered  in  passing 
through  an  unglazed  porcelain  cell. 

It  is  not  necessary  to  quote  such  experiments  at  length  here, 
but  I  may  refer,  as  it  happens  to  lie  to  my  hand  to  do  so,  to  the 
poisonous  results  obtained  in  this  manner  by  Wolffs  from  the 
liquid  part  of  pus,  and  to  the  well-known  experiment  of  Koch,* 
who  found  that  a  large  dose  of  a  putrid  fluid  subcutaneously  in- 
jected produced  rapid  death  from  poisoning  before  the  organisms 
injected  with  it  had  time  to  grow,  while  a  smaller  dose  produced 
death  in  the  converse  manner  of  slowly  killing  by  their  multi- 
plication. As  far  as  I  can  profess  to  understand  the  matter,  it 
seems  unreasonable  to  think  that  micrococci  cause  suppuration 
by  their  mechanical  eSects  ;  it  must,  on  the  contrary,  be  by  the 
ptomaines  that  they  produce  that  they  irritate  the  tissues,  and 
cause  the  inflammation  and  suppuration. 

I  cannot  imagine  a  great  number  of  mere  unirritant  molecules 
producing  inflammation  and  suppuration,  such  as  the  micrococci 
can  be  experimentally  shown  to  produce ;  but  if  it  be  admitted 
that  they  produce  irritating  ptomaines,  the  matter  becomes  at 
once  clear. 

In  last  year's  report  it  was  noted  ^  that  the  tissues  around  the 
colonies  of  the  micrococci  presented  a  vitreous  or  waxy  appearance,  as 
if  cauterised,  and  it  may  be  looked  upon  as  being  far  from  unlikely 
that  the  very  reason  why  micrococci  produce  suppuration  is  that  they, 
in  growing  among  the  tissues,  generate  some  acrid  ptomaines  that  may 
correspond  pretty  closely  in  their  eflfects  with  those  of  injections  of 
turpentine,  or  other  caustic  liquid. 

It  is  in  truth  irrational  to  speak  of  one  cause  as  giving  rise  to 

^  Virchow'a  Archiv,  vol.  Izxzi.  p.  256. 

*  WuTiMnfecUonskrankheUen,  1878,  by  Dr  Robert  Eoch,  p.  40. 

»  Brit,  Med.J(mr.,  1881,  voL  i.  p.  371. 
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the  process  suppuration,  and  another  as  producing  mere  inflame 
motion.  Suppuration  cannot  be  rightly  understood,  save  in  so 
far. as  it  is  regarded  as  one  stage  of  inflammation, — an  intense 
stage.  Since  suppuration  merely  shows  that  the  inflammation 
has  been  intense,  so  any  cause  that  produces  a  sufficiently 
violent  inflammation  is  of  necessity  a  cause  of  suppuration. 
Suppuration  cannot  be  altogether  disjoined  from  inflammation* 
It  would  be  no  easy  matter  now-a-days  to  discover  an  individual 
unaware  that  a  scratch  of  a  pin,  a  drop  of  an  acid,  or  a  crumb  of 
mustard,  will  produce  inflammation  on  the  interdigital  web  of  a 
frog ;  that  exposure  to  air  will  inflame  the  mesentery  of  a  mouse, 
or  that  the  application  of  cantharides  will  produce  an  inflamma- 
tion of  the  skin.  Some  irritants,  such  as  croton  oil  and  tartar 
emetic,  are  universally  known  to  produce  pustules,  i,€.,  suppura- 
tion. Whoever  knows  these  facts  knows  that  there  are  influ- 
ences other  than  micrococci  that  will  cause  inflammation  some- 
times so  intense  as  to  end  in  suppuration,  and  in  claiming  that 
micrococci  are  the  cause  of  abscess  and  acute  inflammation,  I  can 
hardly  have  misled  any  one  into  supposing  that  such  substances 
as  croton  oil,  if  injected  subciitaneously,  would  not  likewise  give 
rise  to  pus. 
But  subcutaneous  injection  is  an  artifice,  and  artifice  has 

m 

nothing  to  do  with  the  action  of  nature's  laws  in  producing 
acute  inflammations;  so  that,  seeing  that  turpentine  does  not 
circulate  in  our  bodies  in  quantities  of  upwards  of  an  ounce,  I 
hold  it  is,  for  all  that  Uskoff^s  first  and  second  sets  of  experimeTUs 
have  shovm,  rational  and  correct  still  to  say  that  micrococci  are  the 
producers  of  acute  inflammaiion  and  aiscess  in  man. 

To  avoid  any  misunderstanding,  however,  I  shall  here  append 
the  qualification  which  I  coupled  with  this  statement  in  the 
former  report,  viz. : — 

"  It  is  not  intended  to  be  conveyed  by  anything  that  has  been  said 
that  micrococcus  is  the  only  organism  which  produces  such  results." 

Coming  next  to  Uskoif  s  last  set  of  experiments,  viz.,  his  ir^jec- 
tions  of  pus,  we  find  that  he  injected  it  six  times  in  quantities  of 
a  dram  or  two,  but  never  once  injected  pus  that  contained  micrococci 
so  that  the  experiments  are  worthless  for  showing  whether  or  not 
micrococci  will  produce  suppuration.  On  the  contrary,  three  of 
bis  injections  were  with  the  pus  obtained  from  his  former  experi- 
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menta  with  undiluted  turpentine,  and  the  pus  smelt  still  of 
turpentine,  as  he  expressly  mentions.  Two  of  these  caused 
abscesses  with  bacilli  among  the  pus,  and  one  produced  no  re- 
sult. His  fourth  injection  was  with  the  same  turpentine  pus 
after  standing  for  four  days,  during  which  time  it  lost  its  odour 
of  turpentine  and  developed  bacilli;  while  his  remaining  two 
experiments  were  injections  of  the  pus,  containing  bacillus,  that 
resulted  from  injecting  the  terebinthinous  pus  in  the  first  two  of 
the  present  set  of  experiments,  and  both  were  without  effect. 
The  inferences,  so  far  as  any  can  be  drawn  from  this  set  of 
experiments,  seem  to  me  clear,  and  are — first,  a  liq^uid  containing 
dissolved  turpentine  will  produce  abscess  (which  was  already 
known) ;  and,  second,  pus  containing  bacilli,  but  no  micrococci, 
does  not  produce  abscess.  But  as  regards  the  question  of  what 
influence  micrococcus  has  in  causing  suppuration,  they  have  no 
significance  whatsoever,  either  positive  or  negative. 

My  other  critic  is  one  with  whom  I  am  right  loath  to  disagree, 
although  I  know  well  that  Professor  Lister  will  thi^k  no  evil  of 
those  who  contradict  him  in  the  search  after  trutL  Mr.  Lister  ^ 
Gombats  the  idea 

**  That  all  inflammation  is  caused  by  micro-organisms,  and  that  sup- 
puration, whether  acute  or  chronic,  is  always  due  to  simila^r  agencies," 

I^^m.    AU  i-ta^c  i.  not  c^.b,  mteo. 

organisms,  and  chronic  suppuration  has  not  been  showa  to  have 
anything  to  do  with  them ;  but  I  feel  bound  to  add  that  acute 
inflammation,  so  acute  that  suppuration  is  present  or  imn^inent, 
is,  so  far  as  I  can  form  an  opinion,  always  due  to  then^  save  in 
the  exceptional  cases  where  a  burn  or  blister,  or  spine  similar 
cause,  has  been  at  work. 

But  Mr.  Lister  goes  further,  and  in  support  of  the  thesis  that 
an  acute  inflammation  may  be  present  without  nucro-organisms, 
cites  eight  actual  cases  or  well-known  occurrences,  viz. : — 

1st  Suppression  of  urine,  ursemia,  intensely  congested  kidneys,  ai^d 
death  from  a  urethral  irritation.  2d,  IJr^th^  pain,  rigor,  md  sup- 
pression of  urine  from  the  passage  of  a  bougie. 

m 

1  Lancet,  22d  October  1881,  p.  695.  Address  on  the  relation  pf  micrOf organ* 
isms  to  Inflammation  in  the  Pathological  Section  of  the  International  Medical 
Ck>ngrea8. 


I 
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I  have  had  the  same  melancholy  experience  of  such  cases  as 
other  surgeons,  and  have  had  occasions  to  examine  them  post- 
mortem, and  I  feel  bound  to  ask  what  evidence  is  there  that 
these  cases  ■  are  inflammatory  ?  It  nowhei?e  exists,  and  it  still 
remains  to  be  shown  that  they  have  anything  to  do  with  inflam- 
mation. 

Mr.  Lister  cites  3rd,  a  redQess  of  the  skin  from  tight  stitches  in  a 
wound,  that  faded  ii;  a  few  minute^  after  the  ren^oval  of  the  stitches ; 
4th,  an  oesophageal  irritation  from  lodgment  of  a  morsel  of  food  that 
produced  anorexia  until  removed ;  5th,  a  sub-acute  effusion  into  the 
knee-joint  produced  by  a  fall ;  6tb,  a  sore  throat ;  7th,  a  painfal  affec- 
tion of  the  shoulder-joint  that  had  all  the  chnical  characters  of  neur« 
algia,  and  none  of  inflammation ;  and,  lastly  (8th),  a  peculiar  ciffection 
of  the  neck  about  the  atlas,  cai^siug  a  prominence  in  the  throat  with 
intense  pain  along  the  nerves,  and  named  *'  ulceration  of  cartilage.'' 

But  not  one  of  these  cases,  save  the  sore  throat,  was  a  case  of 
acute  inflammation  verging  on  suppuration,  and  it  does  not  seem 
to  be  denied  that  the  throat  inflammation  may  have  been  caused 
by  micro-organisms.  These  cases  have  merely  to  be  read  over 
for  any  one  at  once  to  see  that  they  are  not  cases  of  acute 
inflammation  at  all,  that  even  the  shoulder  case  was  but  a 
neuralgia,  and  the  atlas  case  merely  pain  from  pressure  on 
nerves  in  chronic  disease  of  the  vertebrae.  Therefore  they  have 
no  claim  to  be  taken  into  account  in  deciding  concerning  the 
province .  of  micro*orgamsms  in  inflammation,  although  they 
may  have  a  bearing  upon  the  use  of  counter-irritation,  a  subject 
that  Mr.  Lister  carries  along  with  him  through  the  whole  of  this 
portion  of  his  address  at  the  Pathological  Section  of  the  Inter- 
national Congress. 

Mr.  Lister  holds  that  if  "  oounter^irritation  be  a  powerful  means  of 
treating  inflammation,  and  if  the  explanation  "  he  gives  "  of  the  mode 
of  action  of  counter-irritation  ^  as  illustrated  by  physiological  cases,  is 
correct,  then  the  effect  of  counter-irritation  in  the  treatment  of  inflam- 
mation throws  great  light  upon  the  nature  of  inflammation  itself,  and 
upon  the  relation  of  the  nervous  system  to  it  If  counter-irritation 
cures  an  inflammation  by  withdrawing  nervous  action  from  the  affected 
part,  it  follows  that  the  inflammation  so  cured  was  maintained  by  an 
abnormal  action  of  the  nerves  of  the  part." 

Now,  I  have  pointed  out  that  none  of  Mr.  Lister's  cases  were 
inflammatory ;  nay,  I  will  even  go  further,  and  add  that  I  know 

^  Viz. ,  that  it  is  dae  to  nervous  action. 
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of  no  satisfactory  evidence  anywhere  existing  that  would 
lead  us  to  believe  that  counter-irritation  has  any  influence  on 
inflammation ;  and  I  hope  Mr.  Lister  will  not  think  I  am  over- 
stepping the  bounds  of  fair  criticism,  when  I  say  that  the 
amount  of  true  scientific  evidence  as  to  the  causal  connec- 
tion between  micro-organisms  and  acute  inflammation  is  very 
great,  while  similar  evidence  as  to  the  efficacy  of  counter- 
irritation  does  not  exist,  and,  therefore,  I  cannot  abandon  the 
position  I  have  taken  up  concerning  the  dependence  of  acute 
inflammationon  micro-organisms,  but  I  must  him  to  recon- 
sider his  position,  that  counter-irritation  is  of  use  in  inflam- 
mation. 

It  appears  that  the  brevity  that  was  studiously  aimed  at  in 
the  former  report  has  prevented  full  justice  being  done  to  the 
views  regarding  inflammation  there  given  out,  for  in  the  same 
address  Mr.  Lister  offers  criticisms  that  are,  I  fear,  the  result  of 
my  failing  fully  to  explain  the  inferences  that  should  be  drawn 
from  the  facts  I  collected  regarding  micrococci 

Mr.  Lister  asks,  "  how  does  a  chill  of  the  surface  lead  to  an  internal 
organ  becoming  inflamed  ?  Why  should  a  draught  of  cold  air  upon 
the  chest  lead  to  an  attack  of  inflammation  of  the  lungs  ?  First,  it 
seems  clear  that  some  way  or  other  the  eflect  is  brought  about  through 
the  nervous  system,  for  only  the  integument  is  chilled,  and  the  deeply 
seated  internal  organ  suflers,  while  the  same  law  of  eympathy  or 
nervous  connection  which  we  have  seen  in  counter-irritation  applies 
equally  here :  it  is  the  cooling  of  the  skin  nearest  the  internal  organ 
that  is  most  Hkely  to  cause  its  inflammation.  And,  further,  the  cold 
sometimes  '  strikes  in '  with  a  suddenness  that  conveys  the  idea  of  a 
nervous  shock,  and  seems  to  preclude  the  hypothesis  of  any  other 
agency  than  that  of  the  nervous  system."  And,  further  on  (page 
697),  '^when  we  turn  to  acute  abscess,  it  seems  to  me  that  Dr. 
Ogston  leaves  us  entirely  without  any  explanation  as  to  the  origin  of 
the  infection  in  the  part  in  which  the  abscess  occurs.  If  we  are 
to  suppose  that  the  micrococci  are  really  the  cause  of  the  suppuration, 
we  must  also  suppose  them  to  be  the  cause  of  the  inflammation 
which  precedes  it.  But  the  inflammation  that  precedes  the  sup- 
puration may  be  induced  by  some  altogether  accidental  circmnstance. 
For  instance,  a  woman  during  lactation,  with  the  mammary  gland  in  a 

state  of  high  physiological  activity is  disposed  to  '  take  cold ' 

in  the  part ;  and  as  the  result  of  an  accidental  dull  an  acute  attack  of 
inflammation  may  occur,  threatening  milk  abscess.  If  we  get  such  a 
case  to  treat  in  the  early  stages,  the  inflammation  may  never  go  on  to 
suppuration  at  all ;  it  may  terminate  by  resolution.  But  if  left  to  run 
its  course  it  causes  abscess.     We  can  hardly  suppose  that  the  accident 
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of  exposure  to  cold  could  lead  directly  to  the  development  of  micro- 
cocci in  the  part.  Nor  even  if  this  were  admitted,  can  we  readily 
understand  how  any  treatment  that  we  can  adopt  could  lead  to  their 
dispersal  if  they  were  the  essential  cause  .of  the  inflammation;"  and  yet 
further,  "  the  micrococci  are,  so  to  speak,  a  mere  accident  of   these 

acute  abscesses,  and their  introduction  depends  on  the  system 

being  disordered." 

Now  in  these  remaorks  there  is  much  that  ia  open  to  chal- 
lenga  Mr.  Lister  sees  in  everything  evidences  that  the  nervous 
system  is  at  the  root  of  inflammation,  and,  as  it  seems  to  me 
on  very  insufficient  grounds.  Of  course,  I  do  not  deny  that  it 
plays  a  very  important  part  in  inflammation ;  I  will  even  go  so 
far  as  to  say,  that  without  it  inflammation  would  be  a  difierent 
process ;  but  all  this  is  equally  true  of  the  vascular  system,  or  o 
the  tissues  themselves.  All  three  are  important,  and  the  com- 
plex process  that  we  call  inflammation  is  a  process  to  which 
each  contributes  a  nearly  equal  share.  But  I  am  ignorant  of 
any  facts  that  afford  a  warrant  for  the  view,  that  the  nervous 
system  ought  to  be  selected  as  the  one  of  leading  importance  ; 
all  that  physiologists,  pathologists,  and  clinicians  have  collected 
to  build  up  our  views  of  inflammation  points  much  more  strongly 
to  the  importance  of  the  vascular  than  of  the  nervous  system, 
while  Mr.  Lister's  own  beautiful  observations,  that  go  nearer  the 
root  of  the  matter  than  any  others,  point  to  the  influence  of  the 
tissues  being  pre-eminent  and  fundamental  Tet  who  could 
logically  call  either  the  vascular  or  the  tissue  system  the  cause 
of  inflammation  ?  It  would  be  as  proper  to  term  the  machinery 
of  a  steam-rcngine  the  cause  of  its  movement 

The  hypothesis  that  inflammation  is  caused  by  the  nervous 
system,  in  the  absence  of  any  undisputed  facts  to  support  it 
necessitates  on  Mr.  Lister's  part  the  adducing  of  some  considera- 
tions  that  seem  to  me  to  be  even  erroneous.  A  chill  of  the 
surface,  a  draught  of  cold  air,  is  assumed  to  be  capable  of 
causing  an  inflammation  of  the  lungs ;  and  an  accidental  chill,  a 
mammary  abscess ;  while  it  is  inferred  that  the  connection  can 
only  be  through  the  nervous  system.  But,  I  must  ask,  ia  it  true 
that  the  chill  will  produce  these  eflbcts,  and  where  is  the  evi- 
dence ?  So  far  as  is  known  to  me,  no  evidence  whatever  exists ; 
no  series  of  observations,  no  sets  of  experiments,  nothing  that 
possesses  any  show  of  cogency  can  be  adduced  in  proof,  but 
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merely  a  belief  in  the  connection  between  a  chill  and  an 
inflammation  that  is  common  enough,  but  that  can  readily  be 
shown  to  be  erroneous.  If  we  examine  nature  as  to  the  connec- 
tion between  cold  a,nd  inflammation,  we  find  that  exposure  to 
cold,  whether  sudden  or  gradual,  short  or  prolonged,  by  no 
means  gives  rise  to  inflammation  except  where  actual  congela- 
tion is  produced,  when  there  is  a  reactive  inflammation  of  the 
portion  frozen  more  or  less  violent  in  proportion  to  the  intensity 
or  duration  of  the  congelation,  but  there  are  no  remote  or  reflex 
inflammations,  no  pneumonias  produced.  Exposure  to  cold 
does  not  even  produce  a  phenomenon  identical  with  a  "  chill ;  ** 
it  indeed  calls  forth  the  nervous  disturbance  called  shivering,  a 
disturbance  that  also  exists  during  "  a  chill,''  but  this  is  aU  they 
have  in  common.  The  exposure  to  cold  produces  a  diminution 
of  temperature  and  a  lowering  of  the  forces  of  the  tissues,  that  are 
dangerous  to  life  in  proportion  to  their  intensity  and  duration, 
but  that  do  not  produce  inflammation  with  any  such  frequency 
as  to  afford  grounds  for  believing  that  the  one  is  directly  the 
cause  of  the  other.    All  our  clinical  experience,  too,  is  against  i 

the  correctness  of  Mr.  Lister's  idea  that  the  chill,  acting  through 
the  nervous  system,  produces  inflammation,  for  cooling  of  the 
skin  is  not  at  all  likely  to  cause  inflammation  of  the  deep  par 
most  near  to  it ;  there  seems,  on  the  contrary,  little  connection 
between  the  part  exposed  and  the  part  attacked.  If  mammary 
abscess  were  due  to  a  chill,  why  should  it  almost  always  occur 
about  a  week  or  ten  days  after  labour,  when  the  patient  is  as  a 
rule  careful  to  avoid  chills,  and  seldom  during  the  many  subse- 
quent months  of  lactation,  when  the  exposures  are  greater  and 
more  frequent  ? 

Wow  all  the  facts  to  be  adduced  in  support  of  Mr.  Lister's 
hypothesis  bear  out  the  supposition  of  a  bacterio  infection 
when  they  are  correctly  put  Exposure  to  cold  is  a  cause 
of  inflammation  (though  in  a  diflerent  sense  from  that  in 
which  Mr.  Lister  states  it),  when  by  reducing  the  forces  of 
the  tissues  it  diminishes  the  power  of  the  system  to  resist 
the  intrusion  of  micro-organisms.  Micro-organisms  exist  in  ^ 
myriads  in  our  intestines ;  every  drop  of  liquid  there  contains 
millions,  but  they  do  not  penetrate  into  the  tissues  of  a  strong 
animal,  they  remain  in  the  cavities  of  the  intestines.    Yet  they 
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are  always  ready  to  take  advantage  of  any  weak  point,  and  the 
vicinity  of  any  disease  (such  as  an  abscess)  to  the  intestine 
suffices  by  its  action  in  weakening  the  wall  of  the  bowel  to 
allow  all  the  forms  of  micro-organisms  that  exist  in  the  bowel 
to  traverse  the  intact  though  weakened  wall,  and  appear  in  the 
pus,  a  thing  that  does  not  occur  save  in  this  situation,  and 
which  is  the  reason  why  abscesses  near  the  intestinal  tract  are 
always  foetid.  In  the  same  way  advantage  is  taken  of  lowered 
states  of  health,  such  as  are  produced  by,  among  other  causes, 
exposure  to  cold,  and  organisms  that  are  not  present  in  the 
blood  and  tissues  of  a  strong  individual  in  health,  may  circu- 
late there  in  states  of  greater  or  less  activity,  after  the  tem- 
porary depressing  influence  of  cold,  or  after  any  other  in- 
fluence that  acts  as  a  depressant,  such  as  hsemorrhage,  fever, 
over-fatigue,  or  excess  in  eating  or  drinking,  all  of  them  con- 
ditions liable  to  favour  the  occurrence  of  inflammation  or  other 
bacteric  diseases. 

Thus  Kocher  ^  has  shown  that  foul  feeding  wHl  convert  a  traumatic 
osteo-myelitis,  that  was  healing  kindly,  into  a  virulent  osteo-myelitis 
by  this  absorption  of  micro-orgamsms  from  the  intestines;  and 
Blaschko  ^  has  shown  that  febrile  conditions  are  coincident  with  the 
presence  of  micro-organisms  in  the  circulation  and  in  organs  where 
they  do  not  occur  in  health. 

The  depressing  power  of  cold,  then,  like  other  influences,  by 
diminishing  the  forces  of  the  tissues,  allows  the  immigration  of 
micro-organisms  from  the  intestinal  tract  as  well  as  through 
other  channels,  in  a  way  that  does  not  occur  in  health ;  and  it 
occasionally  happens  that  these,  though  limited  in  their  malign 
influence  by  the  energy  remaining  in  the  blood  and  tissues,  find 
a  weak  spot  where  they  may  unfold  their  adverse  influences. 
Some  time,  however,  is  required  for  their  doing  so,  and  it  seems 
more  than  probable  that  they  have  effected  a  lodgment,  infil- 
trated and  proliferated  to  some  extent,  ere  they  reveal  their 
presence  by  noticeable  signs.    But  they  cannot  long  be  con- 

^  '*Zxa  Aetiologie  der  acaten  EntzandTingen,"  by  Theodor  Kocher  in  Bern, 
Arehiv  fur  Klin,  Chir.,  1879,  Bd.  xxiii.  p.  101. 

s  **  Ueber  Veranderangen  im  Gehim  bei  fieberhaften  Krankheiten,"  by  Dr.  A. 
Blaschko  in  Berlin,  Virchow's  Arehiv,  1881,  Bd.  iTTYiii.  p.  471.  I  am  sorry  that 
Mr.  Watson  Cheyne's  experiments  on  the  influence  of  phosphorus  in  causing 
InTasion  of  the  tissues  of  animals  by  micro-organisms,  quoted  by  Mr.  Lister,  are 
not  at  my  disposal,  and  are  known  to  me  only  through  Mr.  Lister's  address. 
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cealed :  the  inflamed  spot  is  perhaps  suddenly  detected,  it  may 
be  diiring  some  rapid  movement  of  the  individual,  and  then  we 
are  told  that  a  strain  or  a  twist  has  caused  the  inflammation ;  or 
it  may  be  that  the  micro-organisms,  passing  into  the  circulation 
and  showering  their  ptomaines  into  the  blood,  cause  a  rise  of 
temperature,  and  then,  some  time,  hours  or  days,  after  the  exposure 
to  the  cold,  the  sensation  of  shivering,  or  rigor,  or  "  chilli*  due  to 
an  elevated  temperature  of  the  body,  and  indeed  one  of  the 
usual  symptoms  of  a  rise  of  temperature,  is 'perceived,  while  the 
pain  draws  aUention  to  the  inflammaiion,  and  the  chill  is  blamed 
for  producing  it.  This,  in  my  experience,  is  the  order  of  events, 
instead  of  that  which  Mr.  Lister  describes.  I  find  first  the 
depressing  influence,  then  a  period  of  latency,  and  then  the  chill 
and  the  local  pain.  I  have  directed  much  attention  to  observing 
such  matters  during  the  last  five  or  six  years,  and  I  am  con- 
vinced that  clinical  investigation  will  bear  out  the  correctness 
of  this. 

In  mammary  abscess  too,  what  have  we  ?  I  have  shown  ^  that 
from  the  ninth  hour  of  delivery  onwards  the  lochial  discharges 
of  the  female  are  crowded  with  all  forms  of  organisms  in  excep- 
tional richness  and  luxuriance ;  and  what  more  reasonable  than 
the  supposition  that  some  of  these,  obtaining  an  entrance  into 
the  circulation  in  the  state  of  altered  tissues  and  lowered  vitality 
that  follows  on  pregnancy  and  childbirth,  though  powerless  to 
effect  a  lodgment  in  the  stronger  organs,  should  yet  colonise  the 
weakened  and  congested  mamma,  and  after  a  few  days  of  un- 
noticed growth  and  incubation,  should  reach  a  pitch  at  which 
the  feeling  of  chilliness  and  local  pain  would  be  well  accounted 
for  by  what  was  occurring.  In  this  way  too  it  can  reasonably 
be  explained  why  a  mammary  abscess  occurs  at  the  customary 
period  after  childbirth,  because  the  lowered  vitality  and  the 
poisonous  lochise  coincide  to  favour  its  production,  as  also  why 
the  absence  of  these  conditions  furnishes  a  reason  for  its  rarity 
at  other  times,  when  it  ought  to  have  been  most  common,  if  Mr. 
Lister's  views  were  correct 

In  a  similar  manner  may  the  occurrence  of  abscesses  and 
inflammations  after  fevers  be  explained  in  a  way  that  agrees 
well  both  with  clinical  experience  and  with  the  views  I  have 
advanced  regarding  inflammation. 

1  JBrit,  Med.  Jour.,  12th  March  1881,  p.  872. 
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On  another  point  in  Mr.  Lister's  address  I  mnst  touch.  He 
says — 

^'  I  opened  a  milk  abscess  and  introduced  a  drainage  tube  antisep- 
tically,  and  there  was  not  another  drop  of  pus  after  the  evacuation  of 
the  original  thick  contents,  merely  a  serous  oozing,  and  this  rapidly 
subsidecL  Why  did  not  the  suppuration  continue  if  the  micrococci 
were  the  essential  cause  of  it  1  I  examined,  along  with  Mr.  Cheyne, 
some  preparations  which  he  was  good  enough  to  make  for  me^  by 
Koch's  method,  of  the  serum  that  came  from  this  abscess  three  days 
after  it  had  been  opened,  and  we  had  to  make  a  long  search  before  we 
could  discover  a  single  group  of  micrococci" 

Now  I  have  shown  that  micrococci  grow  luxurianbly  in  the 
tissues  forming  the  focus  of  the  inflammation  for  a  time,  and 
infiltrate  the  portion  until  it  suppurates,  but  that  when  the 
individual  is  strong  enough  to  withstand  their  advance,  a  wall 
of  granulation  tissue  is  formed  around  them,  limiting  their 
advance  and  cutting  them  off  from  the  system ;  that  the  central 
spot  of  invasion  breaks  down  into  an  abscess,  surrounded  by  a 
wall  of  granulation  tissue  that  resists  strongly  the  encroach- 
ments of  the  micrococcus,  and  on  the  inner  surface  of  which  they 
ffrow  but  feebly  and  imperfectly.  I  have  shown  that  an  abscess 
increases  and  points,  not  by  a  further  infiltration  of  micrococci, 
which  probably  never  grow  very  much  after  they  have  once  been 
limited  by  granulations  (a  matter  I  shall  have  to  touch  upon  at 
a  later  stage  of  this  paper),  but  by  the  tension  of  the  fluid  it 
contains  (a  matter  to  which  I  attach  nearly  as  much  importance 
as  Mr.  Lister),  and  perhaps  the  acridity  of  its  contents,  causing 
a  rapidly  increasing  effusion  of  liquid  into  its  cavity,  a  con- 
sequent increase  of  bulk,  an  advance  of  the  granulation  wall  to 
the  surface,  and  finally  a  thinning  ere  it  bursts  and  allows  its 
contents  to  escape.  I  have  also  shown  that  micrococci  do  not 
grow  well  when  exposed  to  the  air,  and  I  quite  disagree  with 
Mr.  Lister  in  expecting  that  in  an  opened  and  drained  abscess 
surrounded  by  healthy  granulations  and  in  free  communication 
through  the  drainage  tube  with  the  air,  they  should  continue  to 
grow  with  any  luxuriance  or  produce  any  effects  on  the  tissues 
around  them. 

If  Mr.  Lister  had  injected  one  drop  of  the  original  thick  pus 
into  the  back  of  a  mouse,  i.e,,  placed  the  micrococci  under  proper 
conditions,  he  would  have  found  them  invading  and  infiltrating 
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(just  as  if  he  had  inoculated  the  matter  from  a  soft  chancre),  until 
the  formation  of  a  granulation  waU  again  limited  their  activity, 
and  led  to  their  sequestration  in  the  form  of  an  acute  abscess. 
If,  on  the  other  hand,  he  had  injected  ten  times  the  quantity  of 
pus  from  a  chronic  abscess,  no  such  result  would  have  been 
obtained,  but  the  matter  would  have  been  absorbed  in  a  day  or 
two.  How  does  this  agree  with  the  idea  that  micrococci  acci- 
dentally get  in,  and  finding  a  congenial  soil  in  the  pus,  develop 
there  in  abimdance?  How  explain  why  large  quantities  of 
albumen  may  be  subcutaneously  injected  with  impunity,  but  if 
it  contain  properly  cultivated  micrococci,  a  drop  of  it  immediately 
gives  rise  to  an  abscess  ?  The  micrococci  cannot  be  supposed  to 
cause  the  different  behaviour  of  the  two  fluids  unless  they  them- 
selv^  have  some  irritating  properties,  some  acrid  influence  that 
offends  the  tissue,  unless,  in  other  words,  they  can  cause  inflam- 
mation, which  is  the  point  on  which  I  insist.  Why  does  every 
acute  abscess  contain  them,  while  no  chronic  abscess  shows  any  ? 
What  answer  can  be  given  but  the  straightforward  one,  that 
they  are  the  cause  of  the  difference  ?  And  if  experiments  with 
fluids  that  contain  them  and  fluids  that  do  not,  show  that  the 
former  alone  produce  abscess ;  and  if,  further,  they  be  cultivated 
in  an  innocent  fluid,  like  white  of  egg,  till  they  are  isolated  from 
all  else  that  surrounded  them,  and  the  same  results  be  again 
obtained,  what  inference  can  be  drawn  but  that  they  are  the 
cause  of  the  suppuration  ? 

It  is  true  there  are  difiiculties  to  explain,  but  the  explanation 
is  easy  and  natural,  while  any  other  supposition,  such  as  that 
nerve  influence  causes  inflammation  and  the  micrococci  are  a 
mere  accident,  requires  such  an  amount  of  unproved  assi:**iption 
that  it  cannot  be  allowed.  The  chief  difficulty  concerning  the 
micrococci  is,  that  they  are  often  found  in  a  form  that  does  not 
readily  cause  inflammation.  If  micrococci  are  obtained  from 
the  water  or  the  atmosphere  and  cultivated  with  access  of  air, 
they  may  be  injected  into  the  tissues  with  impunity,  and  those 
that  are  virulent,  as  in  pus,  may,  by  a  like  treatment,  be  rendered 
harmless.  But  this  is  not  surprising ;  on  the  contrary,  it  agrees 
with  what  we  know  to  be  true  of  micro-organisms  in  general. 

Has  not  Grawitz^  shown  that  fungi  that  are  innocent  may  be 

^  yirchow*s  Archiv,  6d.  IzxzL.  p.  861. 
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cultivated  bo  as  to  become  deadly  in  their  virulence ;  has  not  Bachner  ^ 
obtained  the  bacillus  of  antlurax  by  cultivating  the  innocent  hay- 
bacillus,  and  what  is  this  but  a  true  analogy  to  the  common  harmless 
micrococci  becoming  under  suitable  conditions  the  virulent  causes  of 
inflammation  )  Have  not  Pasteur,  and  Toussaint,  and  Boulay  ^  shown 
.  that  the  poisonous  organisms  of  anthrax,  fowl-cholera,  and  bovine 
pleuro-pneumonia  may  be  weakened  so  that  their  deadly  nature  is 
changed,  and  they  are  even  converted  into  a  protective  vaccine  1  and 
has  not  Buchner^  converted  the  fatal  anthrax  bacillus  back  into  the 
harmless  hay  oiganism ) 

In  the  face  of  all  that,  is  it  difficult  to  believe  that  micro- 
cocus  can  be  injurious  or  innocent,  just  as  it  is  allowed  to  grow 
under  suitable  or  unsuitable  conditions  of  culture  or  soil  ?  My 
conviction  is,  that  the  common  micrococci  that  exist  around  and 
on  us  and  in  our  intestines — that  are  resisted  in  their  attempts 
at  entrance  by  healthy  individuals,  but  sometimes  enter  under 
conditions  of  lessened  vitality — ^are  one  and  the  same  with  the 
virulent  cocci  that  cause  inflammation;  that  the  difference  is 
only  that  the  production  of  acute  inflammation  shows  they  have 
found  a  suitable  soil,  a  weak  spot,  or  a  weak  individual,  where 
they  are  cultivated  in  a  mode  suited  to  elicit  their  virulent 
qualities.  The  extent  and  intensity  of  their  virulence  is  only 
a  question  of  the  amount  of  soil  at  their  disposal,  and  of  the 
extent  to  which  the  resistance  of  the  individual  has  been 
diminished. 

Another  difficulty  in  the  way  is  the  resistance  to  develop* 
ment  of  micro-organisms  by  the  forces  of  the  tissues^  That 
such  exists  is  beyond  doubt :  it  is  as  well  established  as  any  fact 
in  medical  science.  We  know  that  though  micro«'Organisms  line 
the  surfaces  of  our  bodies^  yet  they  are  never  found  in  their 
interior  in  health. 

It  is  demonstrable  that  we  dare  not  attach  much  importance 
to  experiments  concerning  the  matter  made  on  animals,  where 
the  conditions  have  never  been  entirely  satisfactory,  and  where 
the  results  have  always  been  open  to  question.  But  every 
observer  who  has  worked  with  processes  of  actual  observation  of 

^  Mils^andeoniagiumf  1880 ;  Sitzber,  d,  layer  Acad,  der  Wissentch.  (Reprint), 
p.  894. 
/•  '  Bulletin  de  VAcad.  de  Med.,  1881,  No.  36,  "Inoculation  pr^yentive  de  la 

peripneumonie  contagieuse  des  b^tes  bovines." 

*  Milzbrandeontagium,  p.  382. 
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the  blood  and  tissues  of  man  is  agreed  as  to  the  absence  from 
them  of  micro-organisms,  save  in  disease.  No  one  has  ever 
demonstrated  an  organism  in  healthy  blood — none  are  ever 
found  in  healthy  urine — ^none  in  the  ordinary  serous  effusions  of 
chronic  and  subacute  inflammation,  such  as  hydrocele,  hydro- 
thorax,  ascites,  or  bursitis;  and  none  are  ever  seen  in  the 
aqueous  humour,  or  in  the  vitreous  body  of  the  eye.  I  have 
also  minutely  examined  the  tissues  and  contents  of  the  intestinal 
tract  in  an  infant  that  had  died  in  utero  and  was  bom  by  mis- 
carriage at  the  seventh  month  of  utero-gestation,  but  failed  to  find 
a  single  micro-organism  present  We  further  know  that  if  or- 
ganisms be  introduced  into  the  blood  and  tissues  they  die,  save 
when  the  latter  are  unhealthy  or  weakened,  or  where  the 
quantity  introduced  is  too  great  for  the  forces  that  are  at  work 
to  destroy  them.  We  know  that  nearly  every  form  of  weak- 
ness permits  their  entrance  to  some  extent  into  the  system,  and 
that  they  again  disappear  with  returning  health,  while  in  the 
weakness  that  results  from  approaching  death  from  any  cause 
they  enter  the  system  freely  and  almost  unopposed,  giving  rise 
to  incipient  changes  and  decomposition  that  commence  the  work 
of  putrefaction  even  before  life  is  extinguished. 

The  facts  regarding  the  resistance  of  healthy  tissues  are  cer- 
tainly extraordinary,  but  they  do  not  admit  of  denial,  and  they 
correspond  with  what  clinictd  observation  of  disease  teaches  us. 
We  know,  for  example,  that  the  purely  zymotic  diseases  attack 
i9ome  individuals  severely,  while  others  are  but  slightly  affected, 
and  some  entirely  escape ;  that  the  stronger  the  individual  the 
less  likely  is  he  to  be  attacked  by  such  diseases  as  diphtheria, 
erysipelas,  and  abscess,  while  those  weakened  by  residence  in  an 
unhealthy  or  unsanitary  locality  are  prone  to  be  seized  with 
severe  forms ;  that  individuals  weakened  by  loss  of  blood  are 
prone,  to  all  forms  of  blood-poisoning ;  that  acute  diseases  which 
weaken  an  individual  are  apt,  even  though  they  are  themselves 
bacteric  (zymotic),  to  be  followed  by  abscesses  and  inflamma- 
tions ;  that  women  after  pregnancy  and  delivery,  whose  tissues 
are  altered  and  weakened  in  the  way  known  to  gynaecologists, 
are  specially  prone  to  puerperal  fevers,  pelvic  inflammations, 
mammary  abscess,  and  septic  forms  of  endocarditis ;  and  that 
some  weakly  individuals  are  predisposed  to  erysipelas.    A  list 
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of  clinical  facts  pointing  in  the  same  direction  might  be  almost 
indefinitely  extended.  But  enough  has  been  said  to  show  that  a 
perfect  understanding  of  the  relations  between  bacteria  and  the 
system  cannot  be  attained  until  we  have  arrived  at  a  definite 
knowledge  concerning  this  peculiar  influence  of  the  living 
tissues  that  is  so  hostile  to  the  life  of  micro-organisms. 

A  further  difficulty  in  the  way  of  defining  their  relations  to 
inflammations  consists  in  the  want  of  definitions  regarding  in- 
flammation. What  is  inflammation,  what  is  chronic,  or  subacute 
or  acute  inflammation  ?  I  have  shown  that  Mr.  Lister  considers 
suppression  of  urine  and  renal  congestion  following  on  irritation 
of  the  urethra  inflammation,  whUe  to  my  mind  it  is  an  entirely 
different  process,  presenting  none  of  the  usual  signs,  and  having 
nothing  in  common  with  it  save  congestion  and  impairment  of 
function.  Mr.  Lister,  too,  looks  on  a  bursitis  as  an  acute  in- 
flammation, while  to  my  mind  it  is  of  a  different  nature — due  at 
first  to  an  injury,  a  subcutaneous  laceration  or  contusion,  causing 
efbsion  into  a  eac,  where  the  tension  of  the  eflusion  keeps  up  a 
condition  of  sub-acute  inflammation  that  will  never  become 
acute,  never  suppurate  unless  micrococci  or  some  similar  agency 
be  introduced  into  it  Tension  is,  to  my  mind,  incapable  of 
causing  acute  inflammation.  I  cannot  recall  one  of  the  nume- 
rous cases  I  have  seen  of  tension  in  comminuted  fracture,  or  in 
advanced  ascites,  ovarian  dropsy,  or  hydrocele,  that  ended  in 
acute  suppurative  inflammation;  and  hence,  while  I  readily 
admit  to  tension  the  power  of  keeping  up  chronic  inflammation, 
and  even  allow  it  a  certain  share  in  the  phenomena  of  acute 
abscess,  I  ciuinot  convince  myself  that  it  has  any  necessary  con- 
nection with  acute  inflammation,  such  as  I  claim  to  be  due  to 
micrococcus. 

Nor  does  any  condition  produced  by  the  nervous  system  (with 
one  exception)  seem  to  me  capable  of  being  fairly  cjalled  acute 
inflconmation.  None  of  the  conditions  Mr.  Lister  has  cited  is 
capable  of  sustaining  his  thesis  that  inflammation  is  caused  by 
the  nervous  system,  and  his  own  researches  (especially  the 
experiments,^  where  a  limited  area  of  a  frog's  foot  was  inflamed 
by  a  crumb  of  mustard,  and  the  blood  that  reached  it  in  the 
healthy  vessels  showed,  in  passing  through  the  spot,  corpuscular 

1  Trans.  Hoy,  Soc^  1869,  vol.  cxlviil.  part  ii  p.  660  d  seq. 
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agglutination  and  clinging  of  the  leucocytes  to  the  walls,  while 
beyond  that  area  it  was  normal)  are  absolutely  contradictory 
of  any  such  view.  The  one  disease  that  might  be  quoted  in  his 
support  is  herpesj  especially  herpes  zoster,  believed  to  be  the 
result  of  a  diseased  condition  of  a  ganglionic  centre ;  but  the 
evidence  as  to  the  connection  between  the  nerve  disease  and  the 
eruption  must  be  better  defined  and  established  before  the 
validity  of  this  solitary  instance  can  be  admitted. 

Perhaps  the  use.  of  the  word  phlegTUon  might  aid  in  defining 
my  position.  It  will  be  admitted  by  all  that  phlegmon  implies 
acute  inflammation,  and  I  think  I  may  also  assume  that  all 
phlegmons  have  a  tendency  to  end  in  suppuration.  If  the 
word  pMegTKWTums  were  held  to  be  equivalent  to  trnding-  to  mp- 
puration,  we  could  then  speak  of  phlegmonous  blisters,  phleg- 
monous inflammation  of  serous  membranes,  phlegmonous  pneu- 
monia, adenitis,  bursitis,  &c.  If  the  word  be  used  in  this  sense, 
then  the  assertion  that  micrococci  are  the  producers  of  phleg- 
mons and  phlegmonous  inflammations  comes  very  near  to  what  I 
intended  to  imply  by  the  assertion  that  micrococci  are  the  cause 
of  acute  inflammation.  But  I  again  expressly  state  that  I  am 
by  no  means  convinced  that  other  organisms  besides  micrococci 
will  not  produce  acute  inflammation,  nor  do  I  assert  that  no 
other  agencies  save  micro-organisms  will  produce  it  There  are 
other  means  whereby  art  can  produce  acute  inflammation,  and 
the  same  may  be  to  a  limited  degree  true  of  nature,  but  the 
degree  is  so  limited  that  such  an  occurrence  is  exceptional  and 
rare,  and  can  indeed  be  scarcely  said  to  occur ;  the  almost  in- 
variable rule  being  that  micrococci  are  the  producers  of  cu^ute 
suppurative  inflammations  or  phlegmons. 

The  literature  of  medicine  has  been  of  late  strongly  corroborative  of 
this  opinion,  and  of  the  views  generally  that  were  advanced  in  last 
year's  report.  Without  going  back  on  matters  that  were  published 
before  they  were  first  made  public  in  April  1880,^  a  short  notice  of 
what  other  observers  have  had  to  relate  may  be  of  value  as  showing 
that  the  tendency  generally  has  been  towards  the  adoption  of  the 
theory  of  inflammation  and  blood-poisoning  emitted  in  the  report 
These  were,  briefly  put : — "  Acute  and  pysBmic  abscesses  always  con- 
tain micrococci;  may  cause  death  by  blood-poisoning,  may  cause 
sphacelus,  or  may  be  resisted  by  an  unusually  unsusceptible  animal " 

^  Langenbeck*8  ArchiVf  vol.  xxv. 
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(individual),  and,  "  as  a  general  rale,  produce  acute  inflammation,  end- 
ing in  abscess.  They  are  able,  under  suitable  conditions,  to  give  rise 
to  blood-poisoning,  to  acute  inflammation,  and  to  suppuration." 

The  monographs  that  have  appeared  bearing  on  the  subjects  of  blood- 
poisoning,  inflammation,  and  suppuration,  as  weH  as  the  smaller  con- 
tributions to  pathology,  all  tend  to  establish  the  belief  that  these 
affections  are  mutually  related,  and  have  for  their  common  cause 
micrococcus  poisoning. 

Among  the  minor  papers  may  be  noticed  that  of  Dr.  Dreschfield,. 
who,  in  the  Manchester  Medical  Society  of  26th  April  1881,  is 
reported  ^  as  having  shown  micrococci  from  the  pus  of  a  woman  who 
had  died  of  septicsBmia,  with  ulceration  of  the  intestines  and  renal 
abscesses,  and  where  the  pus  injected  into  a  rabbit  caused  its  death, 
the  blood  containing  these  organisms ;  also  that  of  Dr.  Stephen  Mac- 
kenzie, who,  at  the  Cambridge  meeting  of  the  British  Medical  Associa- 
tion, demonstrated^  the  micrococci  in  the  blood-yessels  in  pyaemia,  and 
in  the  metastatic  abscesses  and  tissues  of  the  lungs,  heart,  liver, 
kidneys,  and  thyroid  body.  Letzerich*  describes  the  cultivation  in 
gelatine,  and  gives  photographs  of  the  micrococci  that  he  alleges  to  be 
the  causes  of  diphtheria,  infectious  pneumonia,  and  influenza  respec- 
tively, though  I  feel  bound  to  state  that  the  absence  of  a  clear 
description  of  whence  and  how  he  obtained  his  results,  as  well  as  some 
disci'epancies  between  his  observations  and  those  of  other  observers 
(e.g.,  Eberth,  in  the  matter  of  the  organism  of  typhoid  fever),  prevent 
his  observations  being  conclusive  or  reliable. 

Dr  Otto  Kahler  ^  describes  three  cases, — one  of  gangrenous  periostitis 
of  the  upper  jaw  with  septicaemia  ;  another  of  tubercular  lung  disease, 
purulent  meningitis,  embolic  nephritis  and  septicsdmia ;  and  a  third  of 
septicsemia  and  gangrene  of  the  finger,  where,  during  life,  embola  were 
detected  in  the  retina  by  the  ophthalmoscope,  and  after  death  were 
found  to  be  caused  by  colonies  of  micrococci ;  that  also  to  all  appear^ 
ance  gave  rise  to  the  other  inflammatory,  suppurative,  gangrenous,  and 
septic  phenomena  that  were  present 

Blaschko,^  in  a  treatise  that  is  all  the  more  impartial  that  it  was 
written  for  quite  another  purpose,  viz.,  to  ascertain  the  connection 
between  stupor  and  cerebral  changes  in  febrile  diseases,  gives  ample 
confirmation  of  the  important  rdle  assigned  to  micrococcus.  He 
examined  the  brain  and  other  parts  of  a  number  of  women  who  had 
died  of  puerperal  inflammations,  gangrenous,  or  diphtheritic  endome- 
tritis, and  suppurative  and  septic  peritonitis;  of  two  men  who  had  died 
of  septic  phlegmon  of  the  arm ;  and  of  a  series  of  rabbits  tmd  guinea- 

^  Brit.  }fed.  Jour,,  1881,  vol.  i.  p.  858. 

a  Brit,  Med.  Jour,,  1880,  vol.  ii.  p.  386. 

s  "  Untersachungen  nber  pathogene  Schistomyceten,"  Kleb's  Arehiv  f.  Exp, 
Path,  u,  Pharm.  1880,  Bd.  xiL  p.  351. 

^"Ueber  Septische  Netzhaataffectionen,"  Zeitaehaifl  fitr  SeUkunde,  1880, 
Bd.  i.  p.  111. 

. '^ '*  Veranderungen  bei  fieberhaften;  Krankheiten,"  Virchow*s  Arehiv,  1881, 
vol.  Ixxziii.  p.  471. 
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pigs  rendered  septic  by  the  injection  of  purulent  and  other  liquids 
obtained  from  bis  human  subjects,  or  by  septicsemic  blood  or  putrid 
liquids.  He  found  the  frequent  presence  in  septic  purulent  peritonitis 
and  pleuritis,  myocarditis,  ifec.,  of  micro-organisms,  of  which,  by  the 
way,  he  remarks — ''  This  much,  however,  seems  to  me  from  my  obser- 
vations to  be  highly  probable,  that  bacteria  and  bacilli,  rod-«haped 
organisms,  have  nothing  to  do  with  the  morbid  process  in  question,  but 
are  concerned  in  decomposition ;  while,  on  the  other  hand,  the  round 
forms  care  concerned  in  the  production  of  the  disease  we  know  as  septi- 
ccemia,"  Blaschko,  however,  so  little  saw  the  full  bearing  of  the  facts 
that  he  was  narrating  that  they  evidently  sometimes  puzzled  him,  as 
when  he  remarks  with  astonishment  on  finding  micro-oiganisms  '*  in 
the  brain  of  an  individual  who  had  died  of  pneumonia  ! "  The  whole 
matter  is,  however,  plain,  and  all  his  facts  intelligible  to  those,  and 
only  to  those,  who  recognise  the  full  relationship  between  micrococci 
and  the  septic  and  inflammatory  processes.  En  parenth^,  and  on 
account  of  what  will  afterwards  fall  to  be  mentioned,  I  here  note  that 
Blaschko,  "despite  the  use  of  the  newer  methods  of  Koch  and  the 
valuable  dabUa-staining  of  Ehrlich,  was  not  always  able  to  demonstrate 
the  presence  of  micro-organisms  **  in  the  blood  in  the  animals  that  he 
had  rendered  septic.  This  is  a  point  that  will  subsequently  be  referred 
to  at  length. 

Schiiller,^  in  connection  with  a  case  of  accute  suppurative  osteo- 
myelitis in  a  boy  where  he  amputated  and  examined  the  affected  limb, 
confirms  the  previous  observations  of  Liicke,  Klebs,  Becklinghausen, 
and  Eberth  as  to  the  dependence  of  this  disease  on  micrococci  He 
found  them  in  enormous  colonies  in  the  medulla,  periosteum,  and  in- 
vaded tissues  in  the  vicinity  of  the  bone,  and  even  in  the  canals  and 
ceUs  of  the  articular  cartilage. 

Many  other  papers,  not  written  directly  on  the  question  at  issue, 
also  bear  out  the  views  concerning  micrococci  that  were  expressed  in 
last  report  As  a  specimen  of  these  may  be  cited  Eberth's  Researches 
on  the  Bacillus  of  Typhoid  Fever,^  wherein  it  is  easy  to  see  how  a 
disease  dependent,  like  typhoid  fever,  on  its  own  special  micro- 
oi^nism,  and  running  its  course  according  to  the  laws  that  it 
obeys,  is  yet  often,  owing  to  the  lowering  of  the  system  and  dimi-^ 
nished  resistance  of  the  tissues  that  it  produces,  the  means  of  enabling 
other  micro-organisms,  such  as  micrococcus,  to  enter  the  system,  and 
produce  septic  and  inflammatory  changes  that  do  not,  properly 
speaking,  belong  to  the  disease  itself,  but  are  rather  accidents  accom- 
panying or  following  it.  Such  complications  of  febrile  diseases  as 
endocarditis,  suppurative  synovitis,  phlebitis,  suppurative  diseases  of 
bone,  lymphadenitis,  and  various  phlegmons  and  abscesses,  are  evi- 
dently produced  by  the  micrococci  that  enter  the  system  under  the 
flDgis,  as  it  were,  of  such  febrile  diseases,  and  form  frequent  complica- 
tions and  so-called  sequel®  of  them;  although  due  as  they  are  to 
different  micro  -  oi^nisms,   the  connection   between   them,  though 

^  ''Aeate  Infeotiose  Osteomyelitis,"  OentralblcUtfilr  Chintrgie,  22d  Oct.  1881. 
'  Virchow's  Archi/v,  1881,  vol.  Ixxxiii  p.  486. 
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«  common,  is  by  no  means  a  close  one.     They  clearly  depend  on  the 

property  of  the  fever  to  behave  in  the  same  manner  as  the  exposure 
to  cold  or  other  depressing  influence  that  was  urged  in  the  former 
pages  of  this  report  as  a  favouring  agency  in  the  introduction  of 
micrococci  into  the  body.  While  this  report  was  being  written,  a 
remarkable  paper  upon  acute  fibrous  pneumonia  by  Friedlander  has 
appeared,^  demonstrating  the  invariable  presence  and  the  behaviour 
of  micrococci  in  this  affection,  and  referring  to  a  similar  demonstration 
of  their  connection  with  erysipelas  by  Koch,  in  a  source  that  is  at 
present  inaccessible  to  me. 

Having  now  cleared  the  field  of  preliminary  matter,  and  left 
unanswered,  I  believe,  no  point  of  consequence  in  the  adverse 
criticisms  that  have  been  advanced  concerning  such  views  as 
mine,  I  now  proceed  to  the  subject  that  more  especially  falls 
to  be  dealt  with  in  this  essay,  viz.,  blood-poisoning  (septi- 
caemia and  pyaemia),  and  the  diseases  intimately  connected 
with  it. 

And  here,  again,  it  is  well  to  preface  some  observations 
regarding  a  few  preliminary  matters,  the  decision  and  proper 
..  understanding  of  which  are  of  no  mean  importance  in  enabling 

us  to  appreciate  at  their  just  value  the  work  and  observations 
that  have  been  and  may  yet  be  made  on  this  subject,  and  in 
attaining  a  uniform  standard  in  deciding  as  to  what  amount  of 
evidence  is  desirable  in  the  various  questions  that  compose  it. 

And,  first,  it  is  needful  to  decide  as  to  what  are  the  conditions 
that  should  have  been  fulfilled  by  observers  in  order  that  their 
observations  should  be  acknowledged  to  possess  any  value  or 
full  value.  It  would  be  at  once  acknowledged  as  ridiculous  if  a 
writer  on  diatoms  were  to  assert  that  the  markings  on  some 
difficult  form  had  no  existence,  while  he  admitted  that  he  had 
used  for  their  observation  only  ordinary  reflected  lamp-light 
and  a  half-inch  objective,  or  if  an  anatomist  were  to  deny  the 
serration  of  the  margin  of  epithelial  cells  at  which  he  had  looked 
only  with  a  low  magnifying  power.  Such  observations  would 
be  recognised  as  being  so  inadequate  that  no  one  would  bestow 
on  them  serious  consideration;  yet  that  is  precisely  what  is 
being  done  without  exposure  and  without  recognition  by  the 
profession  in  the  questions  relating  to  bacteriology  to  a  less 
^  glaring  yet  not  less  real  extent.    We  know  that  the  questions 

*  Virchow'a  Archiv,  1882,  voL  IxxxviL  p.  819. 
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to  be  decided  are  no  easy  ones,  that  the  organisms  under  con- 
sideration are  most  diflBcult  to  recognise  and  demonstrate ;  we 
see  that  special  means  are  required  to  become  aware  of  even 
their  existence  under  certain  circumstances,  and  yet  monographs 
are  written  and  read  and  quoted  and  spoken  of  as  of  equal  value 
and  authority,  in  which  one  author  has  taken  every  means  to 
tender  his  observations  secure,  while  another  may  have  worked 
with  utterly  inadequate  apparatus,  or  may  not  even  have  men- 
tioned under  what  conditions  his  observations  have  been  carried 
out.  This  is  manifestly  unfair  to  ourselves  if  we  expect  to  arrive 
at  the  truths  and  in  future  observers  must  be  called  upon  to 
define  the  precise  conditions  under  which  they  obtained  their 
resultS)  so  that  another  observer  may  put  himself  under  exactly 
the  same  conditionsi  and  verify  or  refute  their  conclusions.  If, 
at  the  same  time*  each  writer  were  to  mention  exactly  the  con- 
clusions his  experience  had  led  him  to  adopt  regarding  the 
means  necessary  to  obtain  reliable  results  in  questions  con- 
cerning micro-organisms,  we  would  soon  be  in  a  position  to  say 
when  and  how  precision  was  to  be  obtained.  As  a  contribution 
to  this  matter,  it  seems  necessary  that  it  be  plainly  said  that  in 
the  present  state  of  our  knowledge  no  observations  can  lay  claim 
to  the  nearest  possible  approach  to  accuracy  that  have  not  been 
carried  out  with  the  oil-immersion  objectives  now  in  general  use. 
Their  superiority  over  the  water  immersion  or  dry  lenses  of  equal 
power,  for  observation  concerning  micro-organisms,  is  simply 
enormous,  and  the  experience  of  several  years  of  work  with 
lenses  of  all  three  sorts  has  left  no  doubt  in  my  mind  as  to  the 
necessity  for  btxcteric  observations  being  made  by  the  oil-immer- 
sion systems.  The  same  object  may,  under  the  latter,  show  large 
and  beautiful  colonies  of  micrococci)  which  under  the  other  lenses 
may  give  rio  sure  evidence  of  their  existence.  Micrococci  being 
small  and  rounds  so  as  to  resemble  granules,  are  especially  the 
organisms  which)  when  occurring  in  the  tissues,  call  imperatively 
for  the  employment  of  oil  objectives.  Of  course  the  magnifying 
power  of  the  lenses  employed  is  no  matter  of  indifference ;  in 
truth,  the  very  reverse  is  true.  It  has  been  said  that  objectives 
of  ^  inch  and  upwards  are  suitable  for  studying  micro-organisms, 
and  it  is  true  enough  that  he  who  uses  -j\^-inch  lenses  will  see 
more  than  he  who  uses  I  inch ;  but  in  the  same  way  a  -^^  inch 
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will  show  what  the  ^  inch  will  not  show,  and  so  on,  the  greater 
the  magnification  the  better  being  the  results,  until  the  limit 
where  questions  of  illumination,  &c.,  that  come  into  play  as  the 
magnifying  power  increases,  steps  in  to  render  very  high  lenses 
unsuitable  for  work.     As  illustrating  the  matter,  I  may  say  that 

1  have  some  slides  of  micrococci  growing  in  the  tissues  that  are 
not  visible  with  any  lense  lower  than  a  -j^-iuch  oil-immersion 
objectivoi  and  that  even  with  this,  require  special  illumination 
and  a  somewhat  high  eye-piece  (No.  4  Zeiss). 

The  use  of  aniline  stainingi  combined  with  the  employment 
of  the  Abba's  condeuser,  to  obtain,  as  described  by  Koch,^  a  pure 
colour  picture  in  the  examination  of  micro-organisms  among  the 
tissues,  is  now  generally  recognised  as  a  valuable  help  towards 
demonstrating  their  existence ;  and  I  can  only  add  that,  in  my 
judgment,  no  observations  are  entirely  satisfactory  that  have  not 
been  carried  out,  in  all  doubtful  points,  with  the  aid  of  the 
Abba's  condenser  employed  by  Koch's  method,  as  described  in 
my  former  report.  During  the  past  year  we  have  received  a 
valuable  addition  to  our  methods  of  research  in  the  introduction 
of  the  aniline  gentian-violet  staining  by  Weigert,*  who  has 
shown  that  gentian-violet  in  a  watery  solution  of  1*100  stains 
the  tissues,  and  at  th^  ^^^ame  time  the  micro-organisms  they 
contain  so  welli  that  subsequent  steeping  of  the  sections  in 
alcohol  always  leaves  the  latter  remarkably  distinct  and  visible, 
which  did  not  invariably  happen  with  the  older  reagent  methyl- 
violet  I  have  found  it  best^  as  I  believe,  to  use  a  solution  of 
gentian-violet  of  the  strength  of  2  grains  to  the  ounce,  to  leave 
the  sections  of  the  tissues  suspected  to  contain  micro-organisms 
for  twelve  hours  in  this  solution,  then  to  transfer  them  for  five 
minutes  to  water  containing  5  drops  of  glacial  acetic  acid  to 

2  ounces  of  the  water^  then  transferring  them  for  two  minutes 
into  methylated  spirits  of  wine,  then  for  two  minutes  into 
absolute  alcohol,  then  putting  them  into  oil  of  cloves,  and  finally 
mounting  in  commercial  Canada  balsam,  to  which  nothing  has 
been  added  to  dilute  it,  such  as  chloroform  or  benzola  This 
staining  is  of  the  greatest  assistance,  and  seems  to  be  the  very 

^  ^  JFundinfedionskrankJieitenf  1878,  p.  84. 

*  "Zur  Technik  der  mikroskopischen  Bukterien  Untersuchungen,"  Virchow's 
Archiv,  1881,  vol.  Ixxxiv.  p.  275« 
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perfection  of  a  reagent  for  the  purpose,  £is  it  never  fails  to  stain 
all,  even  the  finest  organisms,  and  leaves  them  perfectly  plain 
and  distinct.  For  the  examination  of  liquids  it  is  best  used  like 
the  methyl-violet  in  the  way  described  in  the  former  report. 

By  these  means  we  have  it  in  our  power  to  render  observations 
concerning  micro-organisms  really  satisfactory  and  reliable ;  but 
any  departure  from  these  sufiBices,  so  far  as  I  can  jvidge,  to  throw 
them  open  to  the  charge  of  being  inaccurate  and  unreliable,  and 
I  cannot  bring  myself  to  attach  much  weight  to  statements  of 
those  who  are  working  with  lower  powers  than  the  ^,  or,  at  the 
very  lea^t,  the  ^  oil-immersion  objectives,  and  who  do  not  at 
the  same  time  employ  the  Abba's  condenser  and  the  gentian- 
violet  staining  in  the  manner  described  by  Koch  and  Weigert. 
I  am  sure  that  any  one  who  has  frequent  opportunities  of  com- 
paring the  results  obtained  by  other  lenses  and  other  methods, 
even  those  that  seem  to  approach  them  in  principle,  will  agree 
with  me  that  this  caution  is  but  just  and  moderate.  Hence, 
there  are  some  writings  concerning  micrococci  and  their  relations 
to  inflammatory  and  septic  processes  that  seem  to  me  to  be  open 
to  considerable  suspicion.  Uskoff,  whose  views  were  discussed 
at  the  beginning  of  this  report,  makes  no  mention  of  the  means 
he  used  to  verify  his  experiments,  and  this  should  of  itself,  in 
my  opinion,  until  the  deficiency  be  supplied,  suflBce  to  call  for 
hesitation  in  drawing  any  conclusions  regarding  his  observations, 
while,  as  already  mentioned,  his  statement  that  in  some  cases 
the  micro-organisms  "could  not  be  recognised  with  absolute 
certainty  "  seems,  although  I  may  possibly  be  wrong  in  judging 
thus,  to  show  that  Uskoff  was  not  observing  with  all  the  aids  of 
staining,  Abb^,  and  the  ^  oil.  With  these  it  may  sometimes  be 
a  question  as  to  whether  organisms  are  present  in  some  of  the 
tissues,  but  in  pus  and  liquids  such  as  he  was  examining,  so  far 
as  my  experience  goes,  doubt  on  the  subject  should  not  exist 
There  is  no  organic  granule,  no  fatty  particle,  that  should  in 
such  liquids  be  capable  of  misleading  the  practised  eye.  A 
hasty  glance  may  mislead,  an  eye  unfamiliar  with  micrococci 
may  be  mistaken,  but  the  clear  round  body  of  the  micrococcus, 
even  when  isolated  from  any  of  its  neighbours,  as  sharp-cut  and 
clear-edged  as  the  moon  in  the  sky,  is  always  to  be  discriminated 
from  the  organic  granules  that  have  been  said  in  such  liquids  to 
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*  resemble  them.    Those  who  have  stated  this  have  themselves 

worked  with  means  too  imperfect  to  be  allowed  a  voice  in  the 
decision  of  the  matter.  A  little  care  and  practice,  which  are  not 
hard  conditions  to  ask  of  those  who  venture  to  write  on  such 
subjects,  will  always  suffice  to  discriminate  isolated  micro-organ- 
isms, and  even  micrococci  the  most  difficult  of  all,  in  the  organic 
liquids  where  they  grow  in  animal  bodies,  and  when  they  are 
grouped  in  pairs  or  large  numbers,  the  mattf^r  is  an  easy  one.  In 
the  tissues  we  can  hope  that  higher  and  better  oil-immersion 
lenses  may  offer  us  yet  further  information  concerning  these 
bodies,  but  in  liquids  they  are  so  completely  in  our  power  as 
regards  their  recognition  that  such  a  statement  as  Uskoff's  is 
strongly  indicative  of  his  having  worked  with  less  perfect  means 
than  are  now  to  be  everywhere  readily  obtained. 

Another  and  a  veiy  valuable  set  of  papers,  published  by  Wolff 
shortly  after  Koch  described  the  improved   processes  for  observing 
Inicro-organisms,  are  open  to  the  same  objection.     Wolffs  examined 
the  correctness  of  Koch's  assertion  that  individual  micro-organisms 
</  could  be  with  certainty  recognised.     Even  in  regard  to  liquids  such  as 

pus  and  blood,  Wolff  concluded  that  Koch  was  wrong  in  making  this 
statement  Kow  Koch  might  have  been,  I  think,  more  cautious  in 
his  statements  regarding  the  tissvss  ;  but  in  what  concerns  tJie  liquids  of 
the  body,  that  can  be  spread  out,  stained,  and  observed  in  an  almost 
ideally  thin  layer,  Koch  was  certainly  right,  and  Wolff  appeals  to  have 
been  led  to  believe  the  contrary,  because  he  used  instead  of  the  oil- 
immersicn  objectives  the  lenses  F  and  immersion  J  (Zeiss).  Now  F 
is  a  -^  inch  dry  objective,  and  J  is  a  y\-  inch  water  immersion,  and 
observations  made  with  these  lenses  are  not  comparable  in  accuracy 
with  those  made  under  better  optical  conditions,  so  that  I  am  com- 
pelled to  deny  to  Wolff's  observations  aU  the  weight  that  their  industry 
and  thoroughness  would  otherwise  have  obtained  for  them.  It  so 
happens  that  Wolff's  observations  run  nearly  parallel  to  my  own  in 
many  matters,  and  in  many  points  he  denies  that  certainty  exists 
where  I  believe  it  does.  While,  therefore,  I  concede  to  Wolff  a  great 
deal  of  merit  and  correctness,  I  cannot  allow  that  he  is  always  reliable, 
for  it  so  happens  that  I  have  frequently  been  working  with  the  very 
lenses  he  used,  viz.,  the  F  Zeiss  and  the  ^  Water  immersion,  and  can 
recognise  the  exactness  of  his  statements,  so  far  as  these  lenses  go ; 
indeed,  I  see  that  had  I  worked  with  these  alone  I  should  have  arrived 
at  the  same  conclusions  as  Wolff,  but  knowing,,  from  habitual  com- 
parison, the  superiority  of  the  other  lenses,  I  can  discern  that  where 

^  "2ur  Bakterienlehre  bei  accidentellen  Wundkranklieiten,"  Virchow's  ArchiVy 
1880,  YoL  Ixzzi.  p.  193,  and  also  in  the  same  volnme,  p.  385. 
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our  observations  are  contradictory  the  difference  is  explained  by  the 
difference  in  the  conditions  under  which  we  were  observing.^ 

It  has  been  suggested  by  skilled  mici-oscopists  that  granules 
such  as  belong  to  animal  structures  may  be  mistaken  tor 
micrococci,  and  among  English  authors  Mr.  George  and  Mrs. 
F.  E.  Hoggan,2  in  ^n  exhaustive  work  on  the  transmutations  of 
fat  cells,  have  shown  that  certain  stages  of  their  life  are  attended 
with  the  production  of  innumerable  microscopic  granules,  some- 
times enclosed  and  at  other  times  free  in  the  tissues,  which 
closely  resemble  colonies  of  micrococci,  and  have  often  been 
mistaken  for  them.  Without  hesitation,  it  may  be  admitted 
that  this  is  quite  true.  Such  cells  exist,  and  are  Jiable  to  give 
rise  to  error.  But  they  are  well  known  to  most  of  those  who 
occupy  themselves  with  the  subject.  Koch  has  directed  parti- 
cular attention  to  them  ^  as  having  been  observed  and  drawn  by 
Ehrlich  in  1877,  and  under  the  name  of  plasma  cells,  has  stated 
that  they  greedily  absorb  the  same  colours  as  micro-organisms, 
and  are  best  discriminated  from  them  by  their  losing  their 
colour  when  exposed  to  treatment  with  weak  solutions  of 
carbonate  of  potash.  The  plasma  cells  I  know  well,  and 
have  often  found  that,  vrith  insufficient  powers,  they  may  cause 
perplexities  out  of  which  Koch's  proposals  do  not  help  us.  But 
when  tinted  and  examined  by  Abb4  and  the  -^  oil,  they  can  be 
at  once  distinguished.  The  granules  that  seemed  round  are 
then  seen  to  be  of  all  manner  of  irregular  forms  and  sizes, 
generally  angular  in  shape  but  with  rounded  corners,  often  with 
their  edges,  if  closely  examined,  fading  oflf  into  the  surrounding 
tissues,  instead  of  being  clearly  differentiated  as  in  micro- 
organisms, and  they  want  the  characteristic  fish-roe  grouping 

^  To  the  valuable  observations  of  Braidwood  and  Yacher,  that  have  appeared  in 
the  £rU,  Med,  Jour*  for  the  present  year  (vol.  i.  p.  41  et  seq.),  in  so  far  as  they 
bear  on  the  connection  between  micrococcas  and  inflammatory  or  septic  diseases, 
I  cannot  admit  any  weight  in  the  decision  of  the  question.  It  is,  indeed,  there 
stated  (p.  146)  that  ''the  septic  influence  of  human  lochia  on  rabbits  is  not  con- 
nected with  the  presence  in  it  of  micrococcus  organisms."  But  (at  page  181)  it 
is  admitted  that  a  magnifying  power  of  850  was  the  highest  employed.  Many 
micrococci  are  totally  invisible,  even  when  well  prepared  and  stained,  with  powers 
greatly  exceeding  that  magnification. 

•  "On  the  Development  and  Retrogression  of  the  Fat  Cell,"  Jour.  Boy. 
Micros.  Soe,f  vol.  ii.  No.  4^  June  1879. 

^  Wundin/ections  KrankheUen,  p.  38. 
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which,  besides  their  spherical  form,  distingaishes  the  micrococci. 
The  danger  of  confounding  them  exists,  it  is  true,  but  only 
to  the  unpractised  and  those  using  imperfect  means;  when 
properly  viewed  they  are  as  unlike  micrococci  as  a  heap  of 
unhewn  stones  is  unlike  a  pile  of  cannon  balls.  There  is  no 
evidence  in  their  essay  that  these  observers  used  other  means  of 
observation  than  a  magnifying  power  of  800  diameters,  and  I 
have  shown  that  this  does  not  fulfil  the  needful  optical  con- 
ditions. 

It  has  been  decidedly  stated,  and  as  flatly  contradicted,  that 
the  healthy  tissues  contain  no  micro-organisms.  It  is  somewhat 
diflBcult  to  understand  the  investigations  that  have  been  made  in 
the  matter,  for  all  who  have  attempted  to  answer  the  question 
by  direct  observation  have  been  unanimous  in  stating  that  the 
tissues  are  free  from  germs,  while  most  of  those  who  have 
approached  it  from  the  experimental  side  have  given  the  reverse 
reply. 

The  well-known  experiments  of  Billroth^  of  plunging  masses  of 
flesh  removed  from  freshly  killed  animals  into  molten  paraffin,  and 
there  abandoning  them  to  their  fate,  showed  micro-organisms  growing 
in  and  decomposing  them.  The  experiments  of  Chiene  and  Ewart  ^  of 
removing  similar  portions  under  Lister's  spray  and  antiseptic  pre- 
cautions, gave  the  opposite  result ;  bat  I  am  informed  by  the  former 
of  these  observers  that  a  subsequent  set  of  experiments,  performed 
under  his  directions,  showed  micro-organisms  in  the  tissues.^  Again 
Arndt,*  whose  experiments  were  similar  to  those  of  Chiene  and  Ewart, 
found  that  organisms  always  developed  in  the  portions  of  tissae  he 
removed  and  submitted  to  experiment,  so  that  from  this  side  the  reply 
has  been  adverse  to  the  healthy  tissues  of  animals  being  free  from 
micro-organisms. 

But  it  may  be  that  the  tissues  of  animals  in  captivity  and  under 
like  circumstances  with  those  employed  for  experiment,  are  not  fair 
representatives  of  healthy  human  tissues,  but  may  resemble  diseased 
structures  in  containing  organisms.  Again,  the  observations  of 
Mikulicz*^  have  shown  that  in  such  experiments  the  protecting  in- 
fluence of  the  spray  is  by  no  means  great,  a  fact  that  I  can  personally 

^  Coeeobacteria  sceptiea,  1874,  p.  59. 

"  Jonr.  of  Anat.  and  Fhys.,  vol.  xii.  p.  448, 

'  Since  this  was  written  the  manuscript  of  this  unpublished  investigation  has 
kindly  been  lent  me  for  perusal  by  Dr.  Fras.  M.  Caird  of  Edinburgh,  who  carried 
out  the  series  of  investigations. 

^  **  Ueber  die  Entstehung  von  Eokken  und  Bakterien  in  Organischen  Sub- 
stanzen,"  Virchow's  Archiv,  1880,  vol.  Izxxii.  p.  119. 

*  "  Zur  Sprayfrage,"  Arch,  f,  Clin.  Chir.,  vol.  xxv.  p.  707. 
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coiroboTate,  as  a  careful  series  of  experiments  hitherto  unpublished  con- 
cerning the  protective  influence  of  the  spray  cairied  out  in  the  Aber- 
deen Infirmary  by  Messrs.  Davidson  and  Prain,  yielded  results  some- 
what similar  to  those  of  Mikulicz  in  experiment  such  as  have  been 
made  by  the  above  mentfoned  inyestigators. 

If  the  spray  be  not  absolutely  reliable  these  experiments  lose 
their  value,  since  the  pieces  of  tissue  are  then  open  to  be 
infected  while  passing  through  the  spray/  a  thing  hitherto 
assumed  to  be  impossible. 

In  the  present  state  of  our  knowledge  regarding  the  capacity 
of  germs  to  withstand  heat  and  spray,  a  satisfactory  experi- 
mental test  as  to  whether  the  tissues  contain  them  seems  to  be 
an  impossibility  * 

Hence  we  are  driven  back  upon  direct  observation.  And 
here  our  answer  to  the  inquiry  that  concerns  us  is  almost  if  not 
entirely  unanimous.  No  one  has  ever  seen  a  micro-organism  in 
a  healthy  tissue,  or  in  healthy  blood  or  urine.  It  is  now  many 
years  since  Mr.  Lister  showed  that  freshly  passed  urine  con- 
tained no  organisms,  and  this  has  not  only  met  with  no  denial, 
but  on  the  contrary  has  been  found  axiomatic  in  all  experiments 
on  germs.  Personally  I  have  performed  many  experiments 
concerning  micro-organisms  that  depended  for  success  on  the 
sterility  of  fresh  urine,  and  have  never  once  been  deceived. 
There  is  standing  before  me  as  I  write  a  flask  that,  after  being 
disinfected  on  the  29th  April  1880,  by  two  hours*  exposure  in  a 
hot  chamber  to  a  heat  of  S40''  Fahr.,  was  filled  on  the  23rd  of 
March  1881  with  urine,  by  being  carefully  uncorked  and  without 
exposure  of  its  contents,  having  urine  passed  into  it  from  the 
disinfected  meatus  urinariu&  The  urine  in  that  flask  has  been 
used  for  many  an  experiment,  and  has  been  tested  micro- 

^  An  objection  that  likewise  applies  to  the  experiments  of  Mott  and  Horsley 
(published  in  the  Journal  of  Physiology  for  January  1882,  vol.  iii.  p.  188)  that 
seem  to  confirm  those  of  Billroth.  Tyndall's  strange  experience  with  hay  germs, 
that  render  it  intelligible  why  one  locality  may  be  so  much  more  infected  than 
another,  suggest  a  possible  explanation  of  the  discordant  results  obtained  by 
inyestigators. 

*  Nature  is  constantly  performing  for  us  a  series  of  immaculate  experiments. 
Every  long  standing  effusion  of  serum  and  blood  into  serotis  cavity,  joint,  cyst,  or 
hiematoma,  is  an  experiment  under  conditions  absolutely  perfect,  highly  sensitiye 
liquids  being  exposed  for  long  periods,  at  proper  temperatures,  to  contact  with 
the  human  tissues.  The  inrariable  reply  we  get  from  these  is,  that  our  bodies 
contain  no  microK>i^gani8m8. 


! 


MICROCOCCUS  POISONING.  555 

scopically  on  more  than  six  occasions,  and.  yet  what  remains  of 
it  is,  as  it  has  always  been,  free  from  any  organism  and  pure, 
save  for  a  few  crystals  of  uric  acid. 

Max  Wolff,  despite  the  dubiety  in  which  his  methods  left  him 
regarding  other  parts  of  his  inquiry,  says  '^ — "  Contrary  to  the 
assmnption  of  many  authors,  I  must  completely  agree  with  the  state- 
ments of  Klebs,  Sanderson,  Pasteur,  and  Koch,  that  Ixicteria  or  their 
germs  do  not  occur  in  the  blood  of  healthy  men  and  animalsJ'  Wolff 
here  uses  the  word  "bacteria"  as  signifying  "micro-organisms." 
Tyndall^  says: — "The  liquids  of  the  healthy  animal  body  are  also 
s^ed  from  external  contamination  Pure  blood,  for  example,  drawn 
with  due  precautions  from  the  veins,  wiU  never  ferment  or  putrefy  in 
contact  with  pure  air." 

I  performed  the  following  experiment  with  the  navel  strings 
of  newly-born  children.  In  three  children  immediately  after 
birth,  the  navel  string  was  surrounded  by  two  ligatures  half  an 
inch  apart  at  the  end  next  the  foetus,  and  these  were  tightly 
tied.  A  third  Hgature  was  tied  close  to  the  navel  of  the  child. 
The  cord  was  divided  close  to  this  last  ligature  between  it  and 
the  two  others.  Two  ligatures,  also  half  an  inch  apart,  were 
then  placed  round  the  placental  end  of  the  cord,  and  tied,  and 
the  cord  was  divided  between  them  and  the  placenta.  Thus  the 
cord  was  separated  full  of  blood,  each  end  being  doubly  secured. 
The  cord  was  carried  home,  washed  by  a  five  per  cent,  solution 
of  carbolic  acid,  and  the  plug  of  cotton  wool  removed  from  a 
Lister's  flask,  that  had  been  heated  for  two  hours  in  a  hot  cham- 
ber at  a  temperature  of  *i&(f  Fahr.  A  Lister's  spray  was  play- 
ing over  the  mouth  of  the  flask  while  the  plug  was  being 
removed,  and  the  plug  and  the  neck  had  both  been  well  soaked 
in  the  five  per  cent,  earbolic  lotion.  One  end  of  the  cord  carry- 
ing its  double  ligature  was  brought  near  the  mouth  of  the  flask, 
and  cut  off  with  a  scissors  that  had  been  washed  in  the  carbolic 
lotion.  The  open  end  of  the  cord  was  then  put  for  half  an  inch 
into  the  flask,  and  the  cord  was  suspended  by  its  other  end 
vertically  above  the  flask.  The  blood  thus  escaped  into  the 
flask.  The  flask  was  closed  by  a  cork  of  cotton  wool  wetted 
with  the  carbolic  lotion,  and  set  aside.  In  the  three  flasks  so 
treated  no  decomposition  set  in ;  a  little  serum  was  in  a  few 

1  Virchow'a  Archiv,  1S80,  voL  batxi  p.  197. 

^  Floating  Matter  of  the  Air,  1881,  p.  248,  footnote. 
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days  squeezed  out  of  the  clot,  but  it  never  rotted  or  contained 
any  micro-organisms,  and  the  clot  remained  fresh  and  nnchanged 
until  six  months  had  elapsed,  when  it  was  examined,  and  found 
free  from  any  decomposition  or  micro-organisms.  The  serum  of 
the  blood  was  used  for  many  experiments  concerning  the  culture 
of  micro-organisms  upon  glass  slides,  and  was  over  and  over 
again  examined  for  micro-organisms  without  one  being  ever 
found. 

In  a  foetus  of  the  fourth  month  of  utero-gestation,  that  was 
bom  dead  and  showing  the  usual  signs  of  intra-uterine  macera- 
tion, and  that,  after  passing  spontaneously  through  the  passages 
and  lying  one  and  a  half  hours  in  the  bed,  was  detached  and 
kept  for  five  and  a  half  hours  wrapped  up  in  a  towel,  an  ex- 
amination of  many  slides  of  liquid  taken  from  every  part  of  the 
alimentary  canal  from  the  mouth  to  the  anus,  and  from  the 
nostrils,  middle  ears,  trachea,  gall  bladder,  pelves  of  kidneys,  and 
urinary  bladder,  revealed  the  complete  absence  of  micro- 
organisms from  the  whole  of  these  cavities,  while  its  cutaneous 
surface  showed  a  few  bacilli,  evidently  derived  from  the  maternal 
passages.  On  one  occasion  I  had  an  opportunity  of  examining 
the  liquor  amnii,  and  found  it  free  from  any  organisms.  Thus 
the  dead  foetus,  a  most  favourable  soil  for  the  development  of 
micro-oi'ganisms,  in  going  on  to  intra-uterine  maceration  without 
any  such  bodies  appearing,  furnishes  the  most  pointed  evidence 
as  to  the  healthy  ovum  being  free  from  any  genns,  and  to  the 
tissues  around  it,  from  which  after  its  death  it  could  presumably 
with  great  readiness  have  received  them,  being  likewise  free.^ 

I  have  not  counted  the  number  of  times  that  I  have  carefully 
examined  slides  of  the  blood  and  urine  of  healthy  individuals, 
but  I  am  sure  I  am  very  far  within  the  mark  in  stating  them  as 
fift]^ ;  yet  I  have  never  once  seen  an  organism  under  such  cir- 
cumstances. 

It  is  therefore,  it  seems  to  me,  permissible  to  formulate  what 
we  know,  in  words  like  those  of  Wolff,  viz.,  micro- or ganisTos  do 
not  exist  in  the  blood  and  tissues  of  healthy  men, 

1  Mr.  Tyndall  remarks  {Floating  Matter  of  the  Air,  1881,  p.  86),—"  Dr.  Burdon 
Sanderson  draws  attention  to  the  important  observation  of  Brauell,  vhicli  shows 
that  the  contagium  of  a  pregnant  animal,  suffering  from  splenic  fever,  is  not  fonnd 
in  the  blood  of  the  foetus,  the  placental  apparatus  acting  as  a  filter,  and  holding 
bock  the  infective  particles." 
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But  if  they  do  not  exist  within,  they  are  present  in  enormous 
numbers  without  They  not  only  rest,  but  develop  on  the  sur- 
faces of  the  human  body.  Examination  of  the  skin  on  regions 
much  subjected  to  frictions  and  ablutions,  as  the  hands,  fronts 
of  the  thighs,  arms,  and  fore-arms,  shows  micro-organisms  so 
sparingly,  that  epidermis  removed  from  thence  by  scraping  may 
often  exhibit  few  or  none.  But  on  individuals  who,  from  any 
cause,  do  not  practise  frequent  ablutions,  even  on  these  regions 
they  are  usually  found,  while  in  not  even  the  most  cleanly  per- 
son does  the  interdigital  scurf  of  the  toes  fail  to  show  abundance 
of  both  micrococci  and  bacteria.  The  scurf  of  the  scalp  contains 
mostly  fungi  and  fungus  spores,  and  is  by  no  means  rich  in  cocci 
or  bacteria,  while  the  secretion  of  the  umbilicus  shows  both 
these  forms  to  be  present  in  abundance. 

Micrococci  are  numerous  in  the  cerumen  of  the  ears,  and  in 
the  mucus  on  the  lips,  and  there  exceed  in  number  the  other 
forms  of  organisms. 

In  the  axilla,  on  the  other  hand,  where  micro-organisms  are 
in  great  plenty,  the  bacteria  preponderate,  and  in  the  secretion 
from  the  skin  of  the  nose,  that  is  mostly  sebaceous,  obtained  by 
gently  compressing  its  tip,  almost  the  only  forms  met  with  are 
the  bacteria,  which  are  there,  however,  innumerable. 

Sebum  expressed  from  scrotal  or  perineal  follicles  shows  mul- 
titudinous bacteria,  slender  rods,  and  micrococci ;  the  anal  region 
shows  thick  and  slender  bacilli,  bacteria,  and  micrococci ;  while 
the  faeces  and  interior  of  the  bowels  present  the  appearance  of 
being  entirely  composed  of  infinite  colonies  of  all  varieties, — 
micrococci,  large  round  and  oval  spores  of  fungi,  slender  bacilli, 
thick  bacilli,  bacteria  of  various  kinds  and  sizes,  and  a  few 
spirilla.  All  these  organisms  present,  in  the  chains,  groups,  and 
forms  in  which  they  occur,  the  plainest  evidence  that  they  have 
been  growing  and  developing,  not  simply  reposing  in  a  quiescent 
state. 

If  we  assume  the  contents  of  the  intestines  to  amount  to 
twelve  fluid  ounces,  and  grant  that  each  minim  contains  20,000 
micro-organisms,  an  estimate  vastly  less  than  the  truth,  we  find 
that  we  each  carry  in  our  intestines  over  109,000,000  of  micro- 
organisms, without  reckoning  thode  that  exist  on  the  skin  and 
in  its  gland  openings,  which  must  amount  to  several  millions 

VOL,  xvi.  2  P 
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more,  as  .could  readily  be  shown.  But  all  such  estimates  are 
inaccurate  and  unscientific,  and  are  of  no  use  save  to  show  that 
we  need  not  even  call  into  account  the  solids,  fluids,  and  gases 
around  us  in  our  search  for  sources  of  infection,  when  we  possess 
on  our  own  frames  so  abundant  a  supply.  In  relation  to  surgical 
questions,  it  is  of  use  to  know  the  extent  and  distribution  of 
these  germs  on  our  persons,  if  our  processes  of  disinfection  are 
to  be  conducted  aright.  In  operative  procedures  on  the  axilla 
and  scrotum,  for  example,  we  ought  to  know  that  all  our  pre- 
liminary washings  and  disinfection  are  impotent  to  exterminate 
the  micro-organisms  that  exist  in  the  openings  of  the  glands  to 
a  depth  of  a  quarter  of  an  inch  and  even  more.  None  of  the 
proceedings  in  use  in  antiseptic  surgery  is  of  any  avail  to 
destroy  them ;  they  will  continue  to  grow  and  reach  the  surface, 
and  unless  we  maintain  there  a  storehouse  of  some  disinfectant 
material  frequently  renewed  that  will  suffice  to  saturate  all 
discharges  and  convert  them  into  aseptic  fluids,  we  shall 
assuredly  fiind  the  organisms  growing  richly  under  our  dressings. 
And  this  is  what  really  occurs;  in  the  former  report  I  showed  (page 
373)  that  antiseptic  dressings  in  such  situations  usually  con* 
tain  a  variety  of  organisms.  Extended  experience  has  convinced 
me  of  the  impossibility  of  maintaining  such  wounds  free  from 
organisms,  and  the  need  for  the  constant  renewal  of  disinfectants, 
for  keeping  the  woimds  antiseptic  in  fact,  as  well  as  aseptia. 
Iodoform  and  salicylic  acid,  which  are  treasure-houses  of  disin- 
fection, are  more  needful  in  those  regions  than  on  the  arms,  legs, 
and  hands.  But  even  in  these  purer  territories  over-confidence 
is  perilous,  and  where  we  are  dealing  with  skins  not  regularly 
cleaned,  as  is  the  case,  for  instance,  to  a  large  extent  in  hospital 
practice,  we  have  to  add  to  our  habitual  precautions,  and  attend 
both  to  preliminary  saturation  of  the  epidermis  with  penetrating 
disinfectants,  and  to  the  subsequent  maintenance  of  stores  of 
disinfectants  on  the  surfaces  where  the  germs  may  develop  and 
appear.  For  a  considerable  time  back  I  have  found  it  advan- 
tageous in  any  operation  that  involved  serious  danger,  and  that 
required  to  be  successful  at  all  hazards  (operations  of  complai- 
sance, such  as  osteotomies  and  joint  operations),  to  dress  the 
part  for  days  before  operation  in  a  regular  Lister's  dressing, 
renewing  it  daily  and  saturating  the  skin  with  carbolic  water, 
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besides  wstshing  the  part  with  turpentine  immediately  before 
making  the  first  incision.  I  do  not  think  I  am  wrong  in  saying 
that  we  are  too  easily  satisfied  with  our  cutaneous  disinfection, 
and  that  the  chief  source  of  micro-organisms  in  wounds  is  from 
the  skin,  rather  than  from  the  air  or  failures  in  our  antiseptic 
procedures. 

The  mention  of  the  organisms  that  exist  on  the  surfaces  of  the 
human  body  naturally  suggests  the  inquiry,  are  they  innocent 
or  noxious  ?  and  it  is  unfortunate  that  we  are,  as  yet,  unprovided 
with  direct  proof  concerning  this*  No  one  has  cultivated  them 
and  directly  shown  that  they  produce  disease  in  man.  This  gap 
is  indeed  a  difficult  one  to  fill  up.  We  know  that  each  genus  of 
animals  has  its  own  diseases,  and  that  these,  as  a  rule,  do  not 
attack  other  genera  of  animals.  The  bacteric  plagues  of  cattle 
are  not  those  of  man,  and  it  is  likewise  in  the  highest  degree 
probable  that  the  septicaemia  of  man  is  not  identical  with  that 
of  cattle  and  other  animals.  Koch  has  shown  ^  that  the  septi- 
caemia of  mice  depends  upon  a  minute  bacillus,  and  that  the 
pysemia  and  septicaemia  of  rabbits  are  due  to  micrococci.^  But 
no  one  has  asserted  that  bacilli  are  to  any  appreciable  extent 
connected  with  septicsemia  in  man;  indeed,  the  numerous  in- 
vestigations into  the  human  blood  and  tissues  in  this  disease 
have  presented  a  singular  uniformity  in  demonstrating  the 
absence  of  bacilli  The  observations  concerning  the  diseases  of 
different  animals,  such  as  splenic  fever,  pig  typhoid,  and  fowl 
cholera,  and  those  of  man,  such  as  malaria,  typhoid  fever,  and 
typhus  fever,  now  numerous  enough  to  furnish  a  considerable 
body  of  evidence,  are  all  contradictory  of  the  idea  that  human 
diseases  are  identical  with  those  of  animals ;  and  although  one 
genus  can  sometimes  tolerate  the  importation  of  maladies  from 
another  genus,  yet  the  very  cases  where  we  know  of  this  are 
also  corroborative  of  the  idea  that  there  is  a  strong  distinction 
between  genera  in  this  respect  Consequently  we  cannot  obtain 
a  direct  experimental  reply  to  the  inquiry  unless  we  are  in  a 
position  to  experiment  on  man  himself.  Nothing  is  easier  than 
to  cultivate  human  organisms  by  allowing  a  portion  of  skin  to 
putrefy  in  pure  water,  and  from  them  to  infect  mice  with  the 

^  Tf^undinfectioiiskramkheitenf  p.  40. 
»  Ibid.,  pp.  64,  69. 
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septicsBmia  described  by  Koch.  It  is  the  easiest  way  of  repeating 
his  observations,  and  from  the  mouse  it  is  a  simple  matter  to 
obtain  its  septicsemic  bacillus  pure  from  other  organisms.  Bat 
how  are  we  to  isolate  the  organism  that  causes  septicaemia  in 
man  ?  Not  by  ordinary  cultivation  and  injection  of  the  various 
organisms  found  on  his  body ;  for  though  it  may  be  among  these, 
we  cannot  distinguish  it  from  the  others.  In  injections  into 
animals  of  liquids  wherein  various  organisms  from  the  human 
body  have  been  promiscuously  cultivated,  we  cannot  be  certain 
that  they  will  be  receptive  of  the  organisms  that  prove  injurious 
to  man,  and  we  fail  to  obtain  the  evidence  we  want.  The  septic 
germ  of  the  genus  homo,  in  the  full  virulence  of  its  culture  in  the 
human  body,  may  indeed  be  capable  of  being  grafted  on  to  many 
animals ;  but  the  sajne  organism  is  likely  to  be  ingrafted  with 
difficulty,  if  at  all,  when  taken  out  of  the  comparatively  un- 
suitable fluids  where  we  have  been  rearing  it.  Hence  it  need 
excite  no  surprise  if  we  fail  in  experiments  in  this  direction,  nay, 
it  is  even  no  wonderful  matter  that  we  find,  although  the  fluids 
of  human  septicsemia  produce  disease  in  animals  when  at  once 
injected,  that  they  nevertheless,  when  cultivated  in  various  fluids, 
become  less  and  less  virulent  and  eventually  innocuous  to 
animals. 

If  there  be  one  point  on  which  we  have  received  light  in  recent 
years,  it  is  this,  that  the  part  played  by  cultivation  in  determining  the 
activity  and  power  of  micro-organisms  is  of  the  very  highest  import- 
ance. We  find  that  Buchner,^  growing  the  innocent  hay-bacillus  in 
suitable  media,  converted  it  into  the  bacUlus  of  anthrax  or  splenic 
fever ;  and,  equally  wonderful,  by  suitable  cultivation  converted  the 
anthrax  bacillus  into  the  harmless  hay  organism.  Nor  is  this  strange 
experiment  in  evolution  without  support  from  other  sources.  Gra- 
witz  ^  changed  the  ordinary  fungi  of  common  mould  into  virulently 
poisonous  agents  by  means  of  cultivation.  Pasteur  ^  and  Toussaint  ^ 
have  altered  the  qualities  of  anthrax  and  fowl  cholera  by  similar 
mecuQS,  and  my  own  observations  that  micrococci  preserve  their  viru- 
lence and  activity,  only  under  certain  conditions,  points  in  a  like 
direction. 

^  MUztn-andcMUagUvm.  ana  den  Heupilzen,  1880,  pp.  409,  410. 

'  '^  Schimmelyegetationen  im  thierischen  Otganismus,"  Yirchow's  ^rcMv ,  1880, 
vol.  Izzxi.  p.  355 

•  '*Sur  la  non-recidive  do  raffection  charbonneuse,"  Oompt,  Rend.,  vol.  xc. 

^  Campt.  Bend,  de  VAcad,,  yoL  zd.  Noa.  2  and  5  ;  also  Chauveau.  The  same, 
No.  16. 
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CliDical  experience  corroborates  the  result  of  these  researches^ 
and  points  to  the  frequent  development  of  common  micro- 
organisms into  forms  capable  of  causing  diseasa  In  contrast 
with  such  maladies  as  variola  and  typhus,  that  are  incapable  of 
being  generated  by  forces  ordinarily  in  operation,  we  have 
pysemia  and  erysipelas,  which,  if  they  be  due  to  bacteria  at  all, 
must  be  produced  by  those  among  which  we  are  constantly 
living.  We  see  these  diseetses  everywhere,  arising  under  usual 
circumstances,  occurring  under  conditions  that  preclude  the  sup- 
position of  their  being  allied  to  some  rare  form  of  organism ;  we 
can  even,  by  want  of  cleanliness,  overcrowding,  and  bad  hygienic 
conditions,  generate  them  at  our  pleasure,  so  to  speak,  out  of 
agencies  that  are  always  with  us.  Malaria  furnishes  another 
instance  of  the  same  fact.  It  cannot  be  that  the  bacillus  of 
malaria  is  peculiar  to  certain  situations,  for  we  find  it  wherever 
conditions  exist  favouring  its  development  out  of  the  germs 
present  in  the  soil,  and  it  is  even  known  to  reappear  in  localities 
whence  it  seemed  long  to  have  been  banished,  on  an  upturning 
of  the  soil  presenting  anew  the  conditions  under  which  it  of  old 
arosa  Clinical  experience  is  indeed  apt  to  mislead  us,  but  some 
weight  must  be  allowed  to  it,  and  what  we  see  is  capable  of 
explanation  only  on  the  supposition  that  favouring  circum- 
stances can  evolve  many  of  our  bacteric  maladies  out  of  the 
micro-organisms  that  lie  at  our  doors.^  Unless  we  are  pre- 
pared to  deny  the  truth  of  almost  all  the  observations  of  the  last 
few  years,  we  are  driven  to  expect,  in  the  common  organisms  of 
the  world,  the  source  of  many  diseases  that  we  believe  to  be 
more  or  less  of  the  nature  of  blood-poisons. 

I  would  wish  here  to  enter  a  cave(U  concerning  the  misleading 
ideas  suggested  by  the  word  "  blood-poisoning  "  and  its  equiva- 
lents, that  have  given  a  false  direction  to  our  thoughts  and 
observations  regarding  bacteric  diseases.  The  prevalent  idea 
clearly  suggested  by  the  name  is,  that  the  micro-organisms  that 
cause  diseases  grow  and  multiply  in  the  blood,  and  there  find 
their  chief  development,  so  that  in  observing  and  studying,  our 

^  The  experiments  of  Buchner  and  Grawitz  are  pregnant  with  explanations  of 
how  our  epidemic  maladies  at  first  arose,  viz.,  from  ordinary  germs  cultivated 
under  circumstances  that  'may  perhaps  never  be  repeated,  and  harmonise  well 
with  what  we  know  of  their  origin,  alterations,  and  occasional  disappearances. 
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chief  attention  is  directed  to  this  fluid,  and  perhaps  concentrated 
on  it  alone.    Can  this  be  shown  to  be  reasonable  ? 

It  is  true  that  in  several  diseases  that  have  excited  much 
attention,  of  which  splenic  fever  may  be  taken  as  the  type,  the 
blood  has  seemed  to  be  the  favoured  residence  of  the  diseased 
organisms,  and  their  introduction  into  the  blood,  their  multipli- 
cation  there,  their  demonstration  in  it,  and  the  power  of  infecting 
animals  through  it,  have  so  occupied  our  thoughts  that  it  has 
never  occurred  to  any  one  to  ask,  Is  the  blood  the  chief  site  of 
growth  of  the  organisms?  But  if  we  question  nature  we  are 
apparently  answered,  especially  in  other  and  parallel  diseases,  in 
a  somewhat  different  direction.  The  lessons  we  receive  from 
smallpox,  measles,  and  scarlet  fever,  for  example,  force  us  to  the 
conclusion  that  the  blood  is  not  the  chief  site  of  the  disease. 
We  see  that  the  moment  of  infection  is  followed  by  a  period  of 
quiescence,  during  which  something  is  being  prepared.  There 
then  ensues  a  feverish  condition,  attended  with  pains  and  signs 
of  some  internal  lesions,  such  as  the  backache  of  variola,  the 
cough  of  measles,  or  the  scarlatinal  throat,  followed  by  the 
appearance  of  an  eruption  on  the  skin,  at  first  of  minute  points, 
gradually  becoming  larger,  appearing  first  on  the  upper  and 
descending  then  to  the  lower  parts  of  the  body,  often  sparing 
the  extremities  of  the  limbs,  and  advancing  in  harmony  with  the 
fever  until  it  and  they  reach  their  acme  at  the  same  moment 
How  can  we  explain  all  this  if  the  blood  be  the  part  chiefly 
afiected  ? 

But  if,  applying  what  the  study  of  the  life  of  these  bodies  has 
taught  us,  we  remember  their  tendency  to  multiply  into  groups 
and  masses,  and  assume  that  they  are  no  sooner  introduced  into 
the  body  or  the  blood  than  each  isolated  organism  tends  to 
develop  into  a  group  or  mass,  we  perceive  that  this  necessarily 
leads  to  their  being  detained  by  the  capillaries  in  the  tissues, 
where  they  will  continue  to  increase  into  larger  foci,  whence 
individuals  are  being  constantly  washed  away  by  the  blood  to 
form  fresh  masses,  that  in  their  turn  are  detained  somewhere 
else  in  the  tissues,  and  so  on  till  the  whole  of  the  suitable  solids 
of  the  body  are  studded  with  foci,  from  which  the  blood  is  sup- 
plied with  individuals  that  are  as  constantly  being  filtered  out 
in  virtue  of  their  own  increasing  size.    This  process  alone  pre- 
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sents  to  us  a  reasonable  picture  of  the  events  that  occur  during 
the  stage  of  incubation,  with  its  slight  malaise  and  slight  rise  of 
temperature.  This  stage,  we  must  believe,  terminates  when  the 
temperature  is  sufficiently  disturbed  throughout  the  body  to 
evidence  itseU  by  the  rigor  and  shivering  that  initiate  the  visible 
disease,  for  rigors  and  shivering  are  but  a  sign  of  a  temperature 
elevated  to  a  certain  degree.  In  the  parts  of  the  body  where 
the  temperature  is  highest,  growth  will  be  most  rapid,  and 
hence  the  cough  or  sore  throat,  symptomatic  of  changes  due  to 
internal  foci,  precede  the  outward  skin  eruption.  But  the 
cutaneous  foci  have  their  turn,  although  the  lesser  temperature 
of  the  outward  parts  retards  their  full  development ;  and  hence, 
in  due  time,  we  see  the  cutaneous  eruptions  appear  as  the  foci 
there  become  large  enough  to  produce  in  the  skin  reaction  and 
irritation ;  and  they  attain  maturity  earliest  where  the  tempera- 
ture is  highest,  as  on  the  head  and  chest,  often  sparing  the 
hands,  feet,  and  extreme  parts  of  the  limbs,  where  the  tempera- 
ture is  too  low  for  their  full  luxuriance. 

If  we  assume  that  it  is  in  the  tissues  that  the  disease  germ 
multiplies,  and  that  the  blood  is  not  its  main  theatre,  we  can 
explain  the  course  of  these  diseases ;  if  we  deny  this,  we  fail  to 
do  so.  I  have  often  wat<5hed  with  interest  the  growth  of  these 
spreading  foci  during  the  eruptive  stage  of  zymotic  diseases,  and 
have  become  convinced  that  some  such  law  as  that  which  I  have 
developed  above  regulates  the  phenomena  of  all  bacteric  morbid 
processes. 

Every  bacteric  disease  illustrates  the  law.  The  intestinal 
glands  and  spleen  of  typhoid,  the  skin  eruption  and  local  dep6ts 
of  typhus,  and  the  splenitis  and  hepatitis  of  malarial  fever,  are 
but  indications  of  the  universality  of  the  tissue  colonisation  that 
is  a  more  important  factor  than  the  alteration  of  the  blood ;  while 
even  in  splenic  fever  the  enormous  development  of  the  bacilli  in 
the  lungs  and  enlarged  spleen  as  compared  with  other  parts 
shows  that  this  disease  also,  if  closely  looked  into,  would  be 
found  to  illustrate  the  same  principle.  It  is  possible  that  the 
law  of  tissue  colonisation  might  lead  to  an  explanation  of  the 
confusing  results  of  investigations  concerning  the  connection 
between  relapsing  fever  and  the  spirillum  of  Obermeyer,  hitherto 
sought  for  only  in  the  blood. 
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If  these  views  possess  any  truth,  it  will  not  be  without  a  bear- 
ing on  human  septicaemia.  It  has  hitherto  been  the  fact  that 
those  who  approached  the  study  of  this  subject  always  did  so 
possessed  with  the  prejudice  suggested  by  the  name  itself,  viz., 
that  the  cause  of  septiceemia  was  to  be  sought  for  and  studied 
in  the  blood.  One  observer  after  another  has  examined,  analysed, 
and  experimented  on  the  blood,  and  estimated  his  results  entirely 
from  this  point  of  view.  Chemical  changes  have  been  sought 
for,  micro-organisms  have  been  searched  for  and  found  or  missed, 
experiments  have  been  made  with  varjdng  results,  all  under  the 
dominant  idea  that  the  peccant  material  was  to  be  met  with 
there,  if  at  all,  and  the  result  has  been  that  in  regard  to  no  other 
subject  are  contradictory  opinions  more  rife. 

Yet  if  what  I  have  advanced  be  true,  if  our  mental  vision  has 
been  obscured  by  the  term  blood-poisoning,  and  the  assumption 
that  we  were  dealing  with  a  condition  analogous  to  what  we 
imagine,  perhaps  erroneously,  to  be  present  in  anthrax,  we  must 
be  prepared  in  future  to  abandon  these  views,  and  to  look  for 
further  progress  in  the  direction  of  regarding  blood-poisoning 
not  as  a  poisoning  of  the  blood  'per  se,  but  as  a  disease  existing 
in  the  tissues,  from  which  the  blood  is  but  secondarily  affected 
to  a  greater  or  less  extent.  We  must  abandon  the  idea  that  the 
blood  is  the  one  thing  needful  to  be  examined  and  reasoned 
upon,  and  look  on  that  fluid  as  merely  a  vehicle  that  may 
generalise  in  the  body  what  without  its  aid  would  be  but  a  local 
process,  through  its  tendency  to  clear  itself  of  the  noxious 
organisms  it  may  carry  by  a  process  of  filtration  in  the  capillaries 
of  the  tissues. 

We  must  look  to  the  tissues  as  the  sources  of  our  septicaemia 
and  pyaemia,  must  scrutinise  narrowly  the  morbid  states  in 
which  we  find  them,  estimate  their  casual  connection  with 
micro-organisms,  measure  the  intensity  of  the  general  disturb- 
ances that  may  occur  by  the  intensity  and  extent  of  the  local 
damage,  and  admit  that  general  disturbances  are  merely  due  to 
the  fluids  or  ptomaines  that  the  blood  carries  away  with  it  as 
the  result  of  its  pEissage  through  the  diseased  foci.  We  shall 
have,  it  is  true,  still  to  examine  the  blood  and  observe  what  it 
carries  with  it,  but  with  the  distinct  recollection  that  what  we 
find  in  it  is  but  a  portion  of  the  disease,  not  the  whole  malady. 
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*  We  shall  be  compelled  to  abandon  the  idea  of  reckoning  the 

number  of  micro-organisms  in  the  blood  and  drawing  from  thence 
conclusions  as  to  the  influence  they  may  have  in  accounting  for 
the  symptoms  and  conditions  that  we  observe,  and  realise  that 
their  presence  is  but  the  expression  of  a  process  that  is  carrying 
on  its  development  elsewhere,  although  a  certain  reasonable 
connection  between  the  two  may  be  presumed  to  exist 

The  conviction  that  human  septicaemia  and  pyaemia  can  be 
investigated  with  accuracy  only  from  the  point  of  view  of  their 
being  primarily  tissue  diseases  and  secondarily  blood  diseases, 
has  not  been  adopted  on  mere  theoretical  grounds,  but  is  the 
outcome  of  prolonged  observation.  Although  it  is  stated  in  a 
preliminary  manner  here,  as  a  guide  to  the  understanding  of 
what  must  follow,  it  is  not  to  be  inferred  that  the  study  bestowed 
on  these  diseases  was  consciously  influenced  by  it  or  any  other 
preconceived  idea  whatever.  On  the  contrary,  I,  like  others, 
entered  on  my  observations  with  the  full  conviction  that  the 
morbid  changes  in  the  blood  were  the  chief,  and  all  other  changes 

V  secondary  elements  in  the  process,  expecting  to  clear  up  every- 

thing by  a  study  of  the  blood,  and,  like  them,  was  disappointed 
at  the  results  thus  obtained.  It  was  only  little  by  little,  as 
experiments  on  animals  revealed  the  great  work  that  goes  on  in 
the  tissues  as  compared  with  the  blood,  that  the  truth  forced 
itself  upon  me.  Time  after  time,  as  detailed  in  the  former 
report,  has  the  inoculation  of  micrococcus  into  the  tissue  been 
seen  to  be  followed  by  its  immense  growth  and  invasion  thBre, 
and  the  outspreading  and  invading  colonies  that  pushed  in  every 
direction  and  in  dense  hosts  from  the  point  of  injection,  as 
revealed  by  the  processes  of  staining  and  observation  already 
described,  produced  upon  my  mind  a  powerful  impression  of  the 
might  and  activity  of  the  processes  carried  on  in  the  solids  of 
the  body  as  contrasted  with  the  comparatively  small  evidence 
of  the  part  played  by  the  blood.  It  seemed  indeed  that  the 
blood  was  but  a  carrier  of  the  disease,  nothing  more.  Here  and 
there  the  blood  showed  a  micro-organism,  or  one  or  two,  or  a 
short  chain,  but  nowhere  were  there  the  compact  hosts  observed 
in  the  tissues,  and  it  became  evident  that  it  was  not  in  the  blood 
that  the  theatre  of  the  disease  was  to  be  sought.  The  blood 
could  only  claim  to  be  the  bearer  of  fugitive  and  stray  members 
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of  the  organisms  that  were  at  work,  and  of  the  poisonous 
ptomaines  that  were  the  results  of  the  action  going  on  in  the 
tissues.  Indeed,  it  abnost  seemed  as  if  the  liquids  of  the  body 
were  not  by  any  means  suitable  for  the  active  growth  of  the 
micrococcus-;  for  even  in  the  process  of  formation  of  abscess, 
which  was  the  usual  result  of  the  central  breaking  down  of  the 
infiltration  of  the  tissues  by  the  micro-organism,  it  was  observ- 
able that,  though  its  growth  and  development  continued  after 
the  solid  part  had  been  changed  into  a  liquid,  the  activity  was 
diminished,  and  as  the  pus  collected  in  quantity  by  liquid  being 
shed  into  the  cavity  from  the  structures  around  it,  the  proportion 
of  the  micrococcus  to  the  liquid  became  less  and  less,  until  at 
length,  when  the  matter  had  increased  to  a  considerable  extent, 
there  might  often,  from  the  scanty  numbers  of  micrococci  in  a 
given  proportion  of  the  pus,  readily  occur  to  an  observer  who 
had  not  followed  the  process  throughout,  doubts  as  to  whether 
they  had  any  casual  connection  with  pus-formation. 

In  truth,  however,  even  as  concerns  blood  and  pus,  the  small- 
ness  of  the  bodies  they  contain,  cells  and  micro-organisms,  is  so 
little  realised,  that  we  are  apt  to  underestimate  the  full  bearing 
of  what  we  really  do  see.  It  is  not  easy  to  form  an  estimate  of 
how  much  of  these  fluids  we  can  examine  at  one  time.  A  con- 
siderable familiarity  with  measurements  by  the  hsemacytometer 
has  led  me  to  the  belief,  which  I  think  is  not  far  from  the  truth, 
that  in  preparing  microscopic  slides  for  examination  we  cannot 
on  each  submit  more  than  0*0005  of  a  cubic  millimetre  of  fluid 
to  a  thorough  exploration.  Now,  if  this  be  true,  and  if  we  were 
to  find  only  one  micrococcus  out  of  ten  slides  of  blood,  we  would 
still  have  the  large  number  of  177,400,000  micrococci  in  the 
blood  of  a  person  weighing  140  lbs.  (63*0  kilogrammes)  taking 
the  blood  ^  at  0*071  of  the  whole  body  weight.  And  in  examin- 
ing pus,  if  we  found  only  ten  micrococci  on  each  slide,  a  quantity 
vastly  less  than  it  has  ever  fallen  to  my  lot  to  observe,  we  would 
have  1,133,980,000  of  cocci  in  a  couple  of  ounces  of  pus.  These 
numbers,  however,  are  of  value  only  as  reminding  us  of  the 
minute  objects  we  are  dealing  with,  and  the  myriads  in  which 
they  may  be  present,  although  they  seem  few  from  the  manner 
in  which  we  have  to  observe  them.    When,  however,  we  regard  ^ 

^  Hermann's  Ifandbtich  der  Physiologie,  1880,  vol.  iv.  part  1,  p.  137. 
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septicsemia  in  its  true  light  as  a  tissue  disease,  we  shall  cease  to 
attach  an  exaggerated  importance  to  the  detection  and  enumera- 
tion of  micro-organisms  in  the  bloody  for  it  is  obvious  that  the 
gravity  of  the  symptoms  and  the  danger  to  the  individual  are 
great,  not  in  proportion  to  the  number  of  the  organisms  present 
in  the  blood,  but  to  the  numbers  that  are  growing  in  the  tissues 
at  the  local  centres  of  growth,  and  the  quantity  of  soluble 
ptomaines  they  are  pouring  into  the  circulation.  It  is  even  con- 
ceivable that  were  the  tissue  colonies  composed  of  organisms 
that  tend  greatly  to  cohere  and  not  break  up  into  detached 
individuals,  there  might  exist  a  septicaemia  that  would  prove 
deadly  from  the  amount  and  virulence  of  the  ptomaines  thrown 
into  the  circulation,  while  the  appearance  of  micro-organisms  in 
the  blood  would  be  scarcely  if  at  all  detectable.  As  a  matter  of 
fact,  however,  as  will  afterwards  appear,  although  it  is  most  true 
that  micrococcus  tends  to  grow  in  masses,  not  to  disperse  into 
individuals,  yet  the  quantity  of  the  micro-organisms  detectable 
in  the  blood  does  usually  bear  a  rough  proportion  to  the  severity 
and  extent  of  the  disease. 

(To  be  continued,) 
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Series  of  Experiments,  D. 

The  effect  of  the  salt  on  the  alimentary  canal,  and  the  absorption  of 
the  salt  from  the  canal,  as  ascertained  by  killing  the  animals  at  stated 
intervals  after  its  administration  by  the  mouth,  and  measuring  the 
fluid  in  the  canal,  and  estimating  the  quantity  of  salt  present. 

The  methods  by  which  I  have  arrived  at  the  conclusion  that 
a  purgative  salt  excites  secretion  within  the  alimentary  canal  are 
those  of  the  two  preceding  series  of  experiments.  The  former 
of  these  methods  is  not  without  objection,  as  I  have  more  than 
once  admitted,  although  I  have  attempted  at  some  length  to 
define  in  how  f6U?  the  conditions  of  the  method  modify  the 
action  of  the  salt  And  it  may  be  urged  against  the  latter 
method  that  the  relative  increase  of  the  blood-corpuscles  is  no 
direct  or  positive  proof  of  the  serum  being  diminished;  we  merely 
infer  that  there  is  diminution  of  the  latter,  because  we  do  not 
believe  it  possible  that  the  total  number  of  the  corpuscles  in  the 
blood  can  be  as  suddenly  increased  as  the  results  of  the  B.  Series 
of  Experiments  would  otherwise  imply. 

I  have  now  to  describe  a  method,  which,  from  its  extreme 
simplicity  and  the  absolute  normality  of  its  conditions,  is  free 
from  every  objection.  It  suggested  itself  to  me  in  the  course  of 
my  experiments  on  the  exposed  intestines  of  the  cat.  In  these 
it  will  be  remembered  that  the  animal  received  no  food  of  any 
kind  on  the  day  of  the  experiment,  nor  for  more  than  twenty 
hours  previous  to  the  operation,  and  that  the  diet  was  uniform 
in  kind  and  quantity  for  at  least  a  week  previously ;  care  also 
was  taken  to  observe  that  the  faeces  had  been  for  some  days  of 
their  natural  firm  consistence.  Under  these  conditions  I  had 
frequent  opportunity  of  observing  the  state  of  the  alimentary 
canal  of  the  various  cats  operated  upon.  And  I  always  found 
that  on  opening  the  abdomen  the  small  intestine  in  its  whole 
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'  length  was  completely  collapsed  and  appeared  perfectly  empty ; 

and,  if  I  attempted  to  press  out  the  contents  of  the  intestine 
through  the  incisions  made  for  washing  it,  never  more  than  one 
or  two  drops  of  mucus  escaped,  mixed  now  and  then  with  a 
small  quantity  of  brownish  shreds  of  undigested  food,  and  fre- 
quently with  fragments  of  tape-worms.  Or,  if  I  laid  open 
the  whole  length  of  the  alimentary  canal,  as  I  did  on  more  than 
one  occasion  when  the  animal  was  killed  intentionally  or 
accidentally  by  an  overdose  of  chloroform,  the  canal  was  practi- 
cally empty  excepting  the  large  intestine,  which  always  con- 
tained more  or  less  of  brown  firm  faeces.  The  total  quantity  of 
mucous  fluid  found  in  the  stomach  and  small  intestine  never 
exceeded  5  c.a,  and  was  in  most  cases  practically  nil.  The 
contents  of  the  colon  were  always  firm,  and  quite  as  hard  as 
evacuated  faeces.  In  all  my  experiments,  where  the  intestine  was 
ligatured  and  injected,  and  the  animal  killed  after  a  certain 
number  of  hours,  the  condition  of  the  remainder  of  the  canal 
was  always  carefully  observed  and  noted  after  death.    In  look- 

^  ing  over  these  protocols  I  found  that  the  stomach   usually 

contained  from  1  to  2  c.c.  of  yellowish  fluid  of  an  alkaline 
reaction,  or  very  rarely  acid.  Only  in  one  instance  did  the 
quantity  of  the  fluid  attain  5  c.c.  From  the  whole  length  of 
the  small  intestine,  excluding  of  course  the  part  operated  on, 
one  or  two  drops  of  mucus  were  generally  obtained,  and  on  no 
occasion  more  than  half  a  cubic  centimetre.  The  contents  of 
the  colon  were  as  described.  I  therefore  felt  perfectly  warranted 
in  concluding  that  the  alimentary  canal  of  a  healthy  cat  con- 
tains virtually  no  fluid  twenty  to  twenty-four  hours  after  a 
meaL  Now,  if  a  saline  purgative  be  administered  to  a  cat  in 
this  condition,  it  is  evident  that  by  killing  the  animal  at  stated 
intervals  afterwards  and  ascertaining  the  amount  of  fluid  in  the 
canal,  it  will  be  possible  to  obtain  a  fairly  accurate  estimate  of 
the  quantity  of  secretion  excited  by  the  salt,  if  secretion  does 
actually  take  place.  There  is  no  disturbing  element  in  the  form 
of  any  vivisective  operation.  This  method  further  promised,  by 
the  opportunity  it  gave  me  of  analysing  the  quantity  of  the  salt 
recoverable  from  the  alimentary  canal,  the  means  of  ascertaining 
with  what  rapidity  the  salt  was  absorbed,  and  whether  or  not  it 
underwent  the  remarkable  variations  in  quantity — first  being 
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absorbed  and  afterwards  excreted — ^which  Headland  mentions; 
and  to  which  I  have  fully  alluded.^ 

The  details  of  the  method  employed  in  each  of  my  experi- 
ments hardly  require  description  after  what  I  have  just  said. 
The  cat,  for  cats  were  always  used,  was  fed  regularly  on  a  stated 
quantity  of  boiled  flesh  for  at  least  a  week  previously,  the 
condition  of  the  faeces  being  observed,  and  the  animal  rejected 
if  the  excrement  was  in  the  smallest  degree  more  soft  than 
normal  The  last  meal  was  given  on  the  day  preceding,  and 
not  later  than  twenty  hours  before,  the  experiment  During 
this  interval  water,  as  well  as  food,  was  withheld  from  the 
animal.  The  experiment  began  with  the  injection  of  the  solu- 
tion of  the  purgative  salt  inte  the  stomach ;  and  this  was  made 
through  a  vulcanised  tube  paased  down  the  oesophagus,  so  that 
no  part  of  the  solution  was  lost.  As  the  cat  was  extremely  apt 
to  vomit  shortly  afterwards,  its  attention  had  to  be  distracted 
for  half  an  hour  or  longer  by  frequent  stroking.  Even  in  spite 
of  this  it  often  vomited,  and  delayed  for  a  few  days  the  experi- 
ment. At  the  expiry  of  the  desired  interval,  if  purging  had  not 
previously  taken  place,  which  was  not  unfrequently  another 
source  of  delay,  the  cat  was  killed  as  in  former  experiments. 
As  the  fluid  fseces  were  extremely  apt  to  escape  from  the  anus 
during  the  struggles  which  preceded  death,  special  care  had  to 
be  taken  that  none  was  lost  This  was  best  effected  by  trans- 
fixing and  ligaturing  the  anus  immediately  after  stunning  the 
cat.  In  some  cases,  where  the  amount  of  fluid  in  the  various 
portions  of  the  alimentary  canal  was  to  be  ascertained  unaffected 
by  the  changes  produced  by  the  convulsions  of  the  whole 
muscular  system  which  preceded  death,  the  abdomen  was  at 
once  opened  after  tying  the  anus  and  before  the  animal  died, 
but  whilst  it  was  unconscious,  and  ligatures  were  placed  round 
the  canal  at  various  points.  The  fluid  present  in  the  canal  was 
measured  along  with  what  solids  it  might  contain.  These  in 
the  fluid  from  the  small  intestine  were  never  more  than  frag- 
ments of  tape- worms ;  in  the  large  intestine,  a  quantity  of  solid 
faeces.  The  contents  of  the  large  intestine  were  evaporate  to 
dryness  over  the  water  bath ;  and,  by  adding  to  the  weight  of 
the  residue  the  proportion  of  water  which  the  ordinary  unevac- 

1  P.  246. 
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tiated  faeces  contained,  I  had  the  means  of  ascertaining  with 
considerable  exactness  to  what  extent  the  quantity  of  the  fluid 
had  been  increased  by  the  normal  contents  of  the  colon.  The 
percentage  of  water  in  the  normal  contents  of  the  colon  I 
estimated  in  several  other  cats,  and  found  it  to  be  fairly  constant. 
These  estimations  I  now  give : — 


Total  Weight  of  the 
Contents  or  the  Colon. 

Weight  after  drying 

Percentage  of 

Quantity  of  H^O^  as 

at  IWf  C. 

Water. 

Na^04.10H,0. 

grmai 

grms. 

4-34 

1-616 

66 

0-016 

4-34 

1-448 

67 

•  •• 

10-27 

8-821 

68 

•  •• 

872 

1-338 

64 

«  •  • 

3-91 

1-408 

64 

•  •  • 

9-541 

8-664 

66 

0-063 

12-804 

8-100 

76 

0  101 

The  average  percentage  of  water  in  these  seven  diflFerent 
quantities  of  unevacuated  faeces  is  67*1  per  cent.  As  this 
proportion  of  water  in  normal  faeces  is  not  absolutely  definite 
and  invariable,  and,  as  the  average  obtained  may  have  been  a 
little  too  high  from  the  exceptionally  large  percentage  in  the 
last  quantity  of  faeces,  I  have  for  convenience  considered  the 
usual  percentage  to  be  666,  which  allows  of  the  weight  of 
the  faecal  matter  in  the  colon  being  obtained  from  the  evapo- 
rated residue  by  simply  multipljdng  the  weight  of  the  latter  by 
three.  Where  the  purgative  salt  is  mixed  with  the  faeces,  its 
weight  must,  of  course,  be  estimated  and  deducted  from  the  total 
residue  before  trebling.  The  weight  of  tl^e  contents  of  the 
colon  were  thus  ascertained,  and,  by  subtracting  it  from  the 
total  quantity  of  fluids  and  solids  in  the  alimentary  canal,  it  was 
easy  to  gain  a  tolerably  correct  notion  of  the  quantity  of  the 
secretion  excited  by  the  administered  salt. 

In  order  to  estimate  the  quantity  of  the  salt  in  the  alimentary 
canal,  the  canal  from  the  cardiac  orifice  of  the  stomach  to  the 
lower  end  of  the  rectum  was  removed  from  the  abdomen,  slit 
open  in  its  whole  length,  and  infused  repeatedly — generally 
eight  to  ten  times  during  three  or  four  days — in  distilled  water. 
The  various  infusions  were  mixed  and  evaporated  to  dryness ; 
and  the  residue,  added  to  that  previously  obtained  from  the 
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contents  of  the  canal,  was  sprinkled,  unless  where  the  sodium 
was  estimated  when  lime  was  used,  with  a  small  quantity  of 
dried  carbonate  of  soda,  and  burned.  The  ash  was  dissolved  in 
hydrochloric  acid,  and  the  sulphuric  acid  estimated  by  the  usual 
method 

From  a  number  of  experiments  given  in  an  earlier  part  of  this 
paper,^  I  concluded  that  5  grammes  of  crystalline  sulphate  of 
soda  was  a  dose  suflBcient  to  purge  with  certainty  a  cat  of 
average  weight.  The  cats  selected  were,  as  much  as  possible, 
of  similar  weight,  full-grown,  and  well-conditioned. 

The  first  three  experiments  were  made  principally  with  the 
intention  of  observing  the  eflfect  of  different  degrees  of  concen- 
tration of  the  salt  on  the  amount  of  the  fluid  within  the  canaL 

Experiment  LIX, — Cat,  male,  weighing  3'28  kilogramme&  In- 
jected per  08  into  the  stomach  5  grammes  of  sulphate  of  soda  dissolved 
in  100  CO.  of  water,  or  a  5  per  cent  solution,  Killed  exactly  one  hour 
afterwards. 

AuTOPST. — The  stomach  contained  1*5  cc  of  alkaline,  transparent^ 
colourless,  frothy  mucus.  The  small  intestine,  which  was  141  cm* 
long,  contained  24  cc.  of  a  brownish  fluid,  mixed  with  fragments  of 
several  large  tape-worms ;  reaction  also  alkaline.  In  the  colon  and 
rectum  there  were  only  2  cc.  of  a  thin  brown  fluid.  The  remainder 
had  escaped  from  the  anus  while  the  animal  was  dying,  but  was 
carefully  collected  by  holding  a  porcelain  basin  beneath ;  for  during 
my  first  experiments  I  had  not  employed  the  method  of  ligaturing 
the  anus.  The  evacuated  material  consisted  of  a  mixture  of  firm 
faeces  with  a  large  amount  of  watery  liquid,  and  measured  87  cc 
The  colon  and  rectum  were  19  cm.  in  length.  No  part  of  the 
mucous  membrane  of  the  intestines  exhibited  any  congestion  which 
could  be  attributed  to  the  action  of  the  purgative :  a  few  small  reddish 
spots,  but  apparently  of  long  standing,  and  probably  caused  by  the 
tape-worms,  were  observable  in  the  upper  part  of  the  small  intestine; 
otherwise,  the  mucous  membrane  was  perfectly  pale  throughout  both 
stomach  and  intestines. 

The  residue  obtained  after  evaporation  of  the  fluid  weighed  6 '9 14 
grammes,  and  the  ash,  less  the  carbonate  of  soda,  2*793  grammes. 
From  this  ash,  which  included  that  of  the  infusions,  was  recovered 
sulphuric  acid  equivalent  to  2-488  grammes  of  !N'a2SO4.10BLO, 
which  corresponds  to  1  '097  grammes  of  the  water-free  salt.  Deducting 
the  latter  weight  from  the  ash,  we  obtain  1*696  grammes,  or  the 
amount  of  the  ash  of  the  contents  of  the  canal  apart  from  that  added 
by  the  sulphate  If  from  6*914  giummes,  the  weight  of  the  evapo- 
rated residue,  be  taken  2*488  grammes,  or  the  amount  of  the  crystalline 
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'  sulphate  of  soda  recovered)  there  remain  4*426  grammes,  or  the  real 

weight  of  the  water-free  solids  of  the  fluid.  This,  multiplied  by  three, 
gives  approximately  the  quantity  of  faecal  matter  in  the  colon 
previous  to  the  administration  of  the  purge,  which  quantity — reckon- 
ing each  gramme  as  equivalent  to  a  cubic  centimetre— deducted  from 
the  total  quantity  of  the  contents  found  in  the  alimentary  canal,  leaves 
101*22  C.C.  as  the  amount  of  fluid  due  to  the  presence  of  the  purgative 
salt.  The  specific  gravity  of  the  fsBces,  which  was  in  several  cases 
estimated,  is  so  little  above  that  of  water,  as  to  justify  ignoring  the 
difference  in  deducting  the  "^  eight  of  the  faeces  from  the  bulk  of  the 
fluid. 

This  experiment  brings  out  three,  perhaps  four,  noteworthy 
points.  The  amount  administered  of  the  5  per  cent,  solution 
of  the  salt  has  neither  increased  nor  diminished  during  the  hour 
it  was  in  the  alimentary  canal.  Yet  half  of  the  salt  has  dis- 
appeared, proving  that  absorption  must  have  been  active,  but 
equalled  by  secretion.  Further,  the  mucous  membrane  is 
uncongested,  and  the  secretion  is  therefore  not  the  result  of 
inflammatory  irritation.  Lastly,  deducting  the  weight  of  the 
water-free  salt  from  that  of  the  ash  of  the  intestinal  contents, 
'^  we  perceive  that  there  is  a  remarkably  large  percentage  of  ash 

in  the  fseces  and  purgative  secretion, — 36  per  cent,  of  the 
solids, — which  corroborates  the  statement  I  previously  made  as 
the  result  of  the  first  series  of  experiments,  that  the  saline 
purgative,  apart  from  its  own  presence,  greatly  increases  the 
quantity  of  salts  in  the  faeces. 

Experiment  LX. — Black  cat,  male,  lean,  weighing  2*33  kilogrammes. 
As  the  cat  was  smaller  than  the  last,  I  administered  a  less  dose. 
40  C.C.  of  a  10  per  cent,  solution  of  sulphate  of  soda,  or  4  grammes  of 
the  salt,  were  injected  into  the  stomach.     Killed  one  hour  afterwards. 

Autopsy. — On  opening  the  abdomen  immediately  after  death,  there 
was  no  visible  outward  congestion  of  the  intestines,  and  no  excitement 
of  peritalsis,  more  than  is  ordinarily  observed  after  death.  The 
stomach  contained  1  c.c.  of  mucus,  and  the  small  intestine  11  c,c.  of  a 
brownish  viscid  fluid,  consisting  largely  of  tape-worms  mixed  with  a 
few  undigested  shreds  of  food ;  and  the  large  intestine  contained,  in- 
cluding what  was  evacuated  during  the  death-struggles,  76  c.c.  of  a 
mixture  of  hard  lumps  of  faeces  with  thin  brown  fluid  of  alkaline  re- 
action. The  mucous  membrane  of  the  duodenum,  commencing  at  the 
pylorus  and  extending  downwards  for  about  17  or  18  cm.,  was  marked 
^  with  a  considerable  number  of  little  arborescent  injections  of  minute 
blood-vessels.  The  small  intestine  was  116  cm.  long,  and  the  large 
intestine  18  cm. 
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The  evaporated  residue  of  the  contents  of  the  intestines,  evacuated 
and  unevacuated,  weighed  6*157  grammes,  and  the  quantity  of 
sulphuric  acid,  recovered  from  this  and  the  infusions  of  the  canal, 
amounted  to  2*454  grammes,  calculated  as  Na2SO4.10H2O.  Deduct- 
ing the  solid  contents  of  the  colon,  the  40  c.&  of  injected  salt  solution 
had  therefore  increased  to  76  a c. 

There  is  much  stronger  evidence  in  this  than  in  the  preceding 
experiment  that  the  salt  excites  secretion.  This  is  dependent 
on  the  greater  concentration  of  the  solution  administered.  The 
10  per  cent,  solution  has  almost  doubled  itself  within  the  space 
of  an  hour,  while  more  than  one-third  of  the  salt  has  been 
absorbed.  The  reddish  arborescent  spots  in  the  duodenum  are 
not  to  be  regarded  as  due  to  the  action  of  the  salt.  They  are 
either  caused  by  the  tape-worms  present,  or  by  a  chronic  duo- 
denal congestion  which  is  not  uncommon  in  cats.  For,  in 
'  several  animals  killed  without  the  previous  administration  of  a 
saline  purgative,  or  indeed  any  drug,  I  have  often  observed  the 
same  appearance,  especially  when  tape-worms  were  present  as 
they  so  constantly  are.  Had  the  congestion  in  the  last  experi- 
ment been  produced  by  the  salt,  it  would  in  all  probability  have 
been  diffuse  and  not  maculate  and  arborescent,  and  would  have 
extended  down  the  jejunum. 

Experiment  LXL — Cat,  male,  weighing  2*95  kilogrammes.  Ad- 
ministered 25  c.c.  of  a  20  per  cent,  solution  of  sulphate  of  soda,  or 
5  grammes  of  the  salt.     Killed  at  the  end  of  (me  hour, 

AuTOPsr. — The  stomach  contained  0*3  c.c.  of  colourless,  viscid, 
frothy  mucus,  with  an  alkaline  reaction.  The  small  intestine  con- 
tained 22  CO.  of  a  viscid  Euid,  well  mixed  with  a  large  quantity  of 
yellowish-white  flocculi  and  fragments  of  tape-worms,  and  a  few 
particles  of  brownish  matter.  The  fluid,  where  free  from  flocculi,  was 
transparent  and  colourless,  and  apparently  contained  no  bile.  The 
absence  of  bile  was  confirmed  by  the  fluid  exhibiting  no  play  of 
colours  with  strong  nitric  acid.  The  reaction  of  the  fluid  was 
alkaline,  and  10  c.c.  of  it  required  0*125  c.c.  of  the  pharmacopoeial 
standard  solution  of  oxalic  acid  for  its  neutralisation.  The  acid  solu- 
tion was  diluted  as  explained  in  the  second  series  of  experiments. 

The  diaatatic  power  of  the  fluid  was  ascertained.  2  cc.  of  the 
transparent  colourless  portion  of  the  fluid  from  the  small  intestine  were 
mixed  with  a  2  per  cent,  solution  of  starch,  and  allowed  to  digest  for 
forty-eight  hours.  Neither  of  the  original  fluids  contained  sugar. 
At  the  end  of  this  time  the  mixture  contained  0*265  gramme  of 
maltose,  as  estimated  by  Pavy's  modified  Fehling.  5  c.c.  of  the  intes- 
tinal fluid  would^  therefore,  have  produced  0*662  gramme  of  maltose. 
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y^  5  C.C.  of  blood  were  drawn  &om  the  vena  cava  immediately  after  death, 

and  were  also  mixed  and  digested  with  a  2  per  cent,  eolation  of  starch. 
In  forty-eight  hours  0*411  gramme  of  maltose  was  formed.  Before 
estimating  the  sugar,  the  albumen  was  removed  by  acidification,  boiling, 
and  filtration.  The  intestinal  fluid  was,  therefore,  hardly  more  active 
than  blood  in  the  digestion  of  starch,  and  could  not  have  contained 
more  than  the  merest  trace  of  the  pancreatic  juice. 

As  a  large  discharge  had  taken  place  from  the  rectum  immediafcely 
previous  to  death,  the  colon  and  rectum  were  found  to  be  almost 
empty.  Their  contents,  along  with  the  evacuated  fluid,  measured- 
71  C.C.,  and  consisted  of  the  usual  mixture  of  brown  solids  and  fluids ; 
the  reaction  was  neutral.  The  residue  obtained  by  evaporation 
weighed  5*767  grammes.  The  quantity  of  sulphuric  acid,  reckoned  as 
Na2SO4.10H2O,  recovered  from  the  whole  contents  of  the  alimentary 
canal  and  from  the  infusions,  accurately  allowing  for  what  was  used 
for  digestive  purposes,  amounted  to  2*766  grammes.  The  25  c.c.  of 
salt  solution  injected  had  increased  to  84  c.c 

The  mucous  membrane  of  the  stomach  was  very  slightly  congested, 
but  that  of  the  intestines  was  perfectly  pale  in  its  whole  extent. 

In  this  experiment  the  20  per  cent,  solution  administered 
has  much  more  than  trebled  itself.  And  there  cannot  now  be 
the  shadow  of  a  doubt,  when  we  consider  the  results  of  these 
r*'?,  three  experiments,  that  a  solution  of  sulphate  of  soda  stronger 

than  5  per  cent,  excites  secretion  within  the  alimentary  canal. 
There  is  also  every  reason  to  assume,  from  the  nearly  equal 
absorption  of  the  salt  in  all  of  the  experiments,  that  even  a  5  per 
cent,  solution  excites  secretion  almost  as  copiously  as  a  20  per 
cent,  solution,  although  in  the  former  case,  on  account  of  the 
greater  dilution  of  the  salt,  absorption  from  the  canal  is  less 
hindered,  and  consequently  the  bulk  of  the  saline  solution  is 
not  increased  as  in  the  latter  case.  Thus,  by  the  most  unobjec- 
tionable of  methods,  I  venture  to  think  I  have  indisputably 
established  that  a  saline  purgative  stimulates  secretion  within 
the  alimentary  canal ;  and  it  would  appear  from  the  last 
experiment  that  the  secretion  is  derived  from  the  canal  itself 
and  not  from  the  pancreas  or  bile.  The  rapidity  of  the  purga- 
tive action  and  of  the  absorption  of  the  salt  is  also  remarkable. 

The  next  experiments  were  mainly  intended  to  elicit  the 
course  of  action  of  the  salt,  the  cats  being  killed  at  various 
periods  after  the  administration  of  the  salt. 

■^  Exjjeriment    LXIL — Cat,    female,    weighing    2*60    kilogrammes. 

Administered  25  c.c.  of  a  20  per  cent,  solution  of  sulphate  of  soda,  or 
5  grammes  of  the  salt.     Killed  fifteen  minuter  afterwards. 
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Autopsy. — The  abdomen  was  opened,  and  ligatures  placed  ronnd 
the  pylorus,  jejunum,  and  coecum  immediately  after  the  animal  was 
stunned,  and  before  any  convulsive  spasms  had  occurred.  The 
stomach  contained  29  c.c  of  a  colourless,  slightly  opalescent,  limpid 
fluid,  alkaline  in  reaction.  Its  opalescence  increased  on  heating,  and 
the  application  of  other  proteid  reactions  proved  the  presence  of  a 
distinct  trace  of  albumen.  The  duodenum  contained  1  c.c.  of  a  viscid 
yellowish  fluid,  and  the  jejunum  7  c.c.  of  a  colourless,  almost  trans- 
parent liquid  In  the  ileum  were  2  c.c.  of  a  viscid,  colourless  fluid. 
The  colon  contained  no  fluid,  only  the  usual  Arm  faecal  matter.  The 
mucous  membrane  of  the  stomach  was  slightly  congested;  that  of 
the  duodenum  and  of  the  upper  part  of  the  jejunum,  extending  for 
about  42  cm.  from  the  pylorus,  was  diflusely  and  markedly  con- 
gested. Out  of  many  experiments,  this  is  the  only  occasion  on  which 
I  observed  a  diffuse  and  acute  congestion  of  the  intestinal  mucous 
membrane  after  the  action  of  the  salt,  even  when  an  equally  strong 
solution  was  administered,  and  the  animal  killed  within  an  equally 
short  period. 

The  gastric  fluid,  including  an  infusion  of  the  stomach-wall,  yielded 
3*546  grammes  of  NagSO^.lOHgO,  as  calculated  from  the  sulphuric 
acid  recovered.  As  from  other  experiments,  which  will  be  afterwards 
given,  I  learned  that  the  sulphate  is  absorbed  with  extreme  slowness 
by  the  stomach,  I  concluded  that  a  part  of  the  salt  solution  had  passed 
into  the  intestine,  even  were  the  presence  of  fluid  there  no  indication 
of  an  escape  from  the  stomach.  And  it  is  probable  that  this  escape 
had  taken  place  immediately  before  the  animal  was  killed.  For,  assum- 
ing on  good  grounds  that  the  stomach  had  not  absorbed  more  than 
a  quarter  of  a  gramme  of  the  salt,  and  that  the  remainder  of  the  salt 
was  distributed  over  39  c.c.  of  fluid,  or  the  total  quantity  found  in 
the  stomach  and  intestines,  we  would  expect  to  find  in  29  c.c  of 
the  fluid,  or  the  quantity  in  the  stomach,  3*54  grammes  of  the  salt» 
or  exactly  the  amount  recovered.  And,  as  from  this  calculation  the 
intestinal  fluid  must  have  contained  the  same  proportion  of  salt,  the 
salt  solution  could  not  have  been  more  than  a  very  few  minutes  within 
the  intestine,  or  it  would  have  lost  much  of  its  salt  by  absorption  and 
increased  rapidly  in  bulk,  as  I  have  ascertained  from  previous  experi- 
ments. 

The  important  conclusion  from  this  experiment  ia  that  the 
salt,  when  administered  in  the  form  of  a  20  per  cent,  solution, 
is  capable  of  withdrawing  from  the  stomach  a  tolerably  large 
amount  of  secretion.  The  increase  to  39  c.c.  of  the  25  c.c.  ad- 
ministered must  be  mainly  attributed  to  the  secretion  supplied 
by  the  stomach.  It  is  otherwise  when  the  salt  solution  is  not 
stronger  than  10  per  cent.,  as  a  future  experiment  will  prove. 

ExperimeMt  LXIIL — Cat,  male,  weighing  4*30  kilogrammes. 
Injected  into  the  stomach  per  05  25  c.c  of  a  20  per  cent,  solution  of 
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sulphate  of  soda.  Killed  twenty  minutes  afterwards.  As  in  the 
preceding  experiment,  the  abdomen  was  opened  and  the  canal 
ligatured  at  various  points  immediately  after  stunning  the  animal 

Autopsy. — The  stomach  contained  1  cc.  of  a  colourless,  transparent, 
slightly  acid  iiuid,  and  the  small  intestine,  9*5  cc.  of  a  colourless,  or 
faintly  yellowish,  opaque  fluid,  with  an  alkaline  reaction.  In  the 
large  intestine  were  79  cc.  of  a  brownish  watery  fluid,  mixed  with 
hard  fsBcal  lumps.  The  mucous  membrane  of  the  stomach  was  slightly 
congested,  at  Icjast  was  of  a  dusky  hue,  towards  the  pylorus.  In  the 
upper  part  of  the  small  intestine  was  a  number  of  irregular  congested 
spots  or  patches,  which  were  evidently  chronic  in  nature.  Nearly  a 
dozen  of  tape-worms  were  removed  fiim  the  intestine.  The  rest  of 
the  mucous  membrane  of  the  intestines  was  perfectly  pale.  The  small 
intestine  was  162  cm.  long. 

The  contents  of  the  colon,  after  evaporation,  weighed  6*661 
grammes,  and,  along  with  the  other  fluids  and  with  the  infusions, 
yielded  i'526  grammes  of  Na2SO4.10H2O,  reckoned  from  the  sul- 
phuric acid  recovered.  The  amount  of  fluid  due  to  the  presence  of 
the  salt  was  74 '4  cc 

The  great  rapidity  with  which  the  salt  solution  has  increased 
from  25  cc.  to  74  cc.  is  very  remarkable,  this  having  been 
acconiplished  within  twenty  minutes.  On  the  other  hand,  com- 
paratively little  of  the  salt  has  been  absorbed.  Half  a  gramme 
of  salt  absorbed,  and  50  cc  of  fluid  secreted,  show  such  a 
proportion  of  salt  to  secretion  which  quite  precludes  the 
supposition  of  many  investigators  ^  that  the  secretion  is  due  to 
the  osmotic  power  of  the  salt.  The  endosmotic  equivalent  *  of 
crystalline  sulphat-e  of  soda  is  11,  and  half  a  gramme  of  the 
salt  should  have  caused  a  secretion  of  only  5  or  6  cc  The  same 
form  of  argument  against  the  salt  acting  osmotically  applies 
with  hardly  less  cogency  to  Experiment  LXII.  and  even  to 
Experiment  LXI. 

Experiment  LXIV, — Cat,  female,  weighing  2*56  kilogrammes. 
Administered  25  cc  of  a  20  per  cent,  solutipn  of  sulphate  of  soda, 
equivalent  to  5  grammes  of  the  salt.  Killed  half  an  hour  afterwards, 
and  the  alimentary  canal  ligatured  at  pylorus,  middle  of  jejunum,  and 
ccecum,  immediately  after  stunning. 

Autopsy. — The  stomach  contained  17  cc  of  a  clear  acid  fluid,  along 
with  a  piece  of  well-nigh  completely  digested  meat,^  about  twice  or 

1  P.  244.  •  Aubcrt,  op.  cU. 

'  As  I  afterwards  ascertained,  the  cat  had  obtained  this  by  accident  early  in 
the  morning. 
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three  times  the  size  of  a  filbert.  The  duodenum  and  upper  half  of  the 
jejunum  contained  8  c.c.  of  a  colourless  (untinged  by  bile),  opalescent, 
limpid  fluid,  of  a  slightly  acid  reaction.  In  the  lower  part  of  the 
jejunum  and  in  the  ileum  were  14  c.c.  of  a  colourless  fluid,  mixed  with 
a  few  brownish  particles  of  ingesta;  alkaline  in  reaction.  In  the 
colon  and  rectum,  exclusive  of  solid  faeces,  there  were  10  ac.  of  fluid. 

All  'the  fluids,  mixed  with  the  infusions  of  the  canal  and  of  the 
food  in  the  stomach,  yielded  3 '41 2  grammes  of  NagSO^.lOHgO, 
estimated  from  the  sulphuric  acid  present.  The  25  c.c.  injected 
had,  therefore,  increased  to  49  cc. 

The  mucous  membrane  was  everywhere  pale,  excepting  one  or  two 
irregularly  disposed  and  sKghtly  congested  spots  in  the  duodenum 
close  by  the  pyloru& 

The  increase  of  the  salt  solution  is  not  so  great  as  in  previous 
experiments,  and  has  doubtless  been  modified  by  the  presence  of 
a  small  quantity  of  food  in  the  stomach.  It  is  worthy  of 
remark  that,  while  the  fluid  in  the  stomach  and  upper  half  of 
the  intestine  is  still  acid,  it  has  become  alkaline  in  the  lower 
half.  The  acidity  of  the  latter  has  been  neutralised  by  the 
alkaline  intestinal  secretion,  and  not  by  the  bile  or  pancreatic 
juice.  For  if  it  had  been  efiected  by  the  latter,  the  change  in 
reaction  would  have  been  observable  so  soon  &s  the  fluid  had 
passed  beyond  the  point  of  entrance  of  these  secretions  in  the 
duodenum ;  and,  therefore,  the  fluid  in  the  upper  half  of  the 
intestine  ought  also  to  have  been  alkaline.  This  is  another 
proof  of  the  opinion  already  advanced,  that  the  bile  and  pan- 
creatic juice  contribute  practically  nothing  to  the  secretion 
excited  by  the  salt. 

Experiment  LXV. — Cat,  male,  weighing  2*95  kilogrammea  In- 
jected into  the  stomach  per  o«  50  c.a  of  a  10  per  cent,  solution  of 
sulphate  of  soda,  or  5  grammes  of  the  salt.  Killed  two  hours^  ten 
minutea  afterwards. 

Autopsy. — The  stomach  contained  2  cc.  of  a  frothy  yellowish  fluid, 
alkaline  in  reaction.  In  the  small  intestine  were  20  cc.  of  thick 
mucus,  largely  mixed  with  tape-worms,  and  also  of  a  yellowish  colour. 
The  contents  of  the  colon,  which  was  fully  distended,  measured  83  c.c, 
and  consisted  in  part  of  hard  faecal  masses;  reaction  neutral.  Evaporated 
to  dryness,  the  residue  weighed  8*942  grammes,  and,  with  the  residues 
of  the  other  fluids  and  of  the  infusions,  yielded  sulphuric  acid  equiva- 
lent to  3-724  grammes  of  NaoSO^.lOHgO.  The  50  cc  origmally 
injected  had,  therefore,  after  deducting  faeces,  increased  to  89  cc 

The  mucous  membrane  of  the  stomach  was  covered  with  viscid 
yellow  mucus,  but  was  quite  free  from  congestion.     The  small  and 
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large  intestines  showed  also  no  trace  of  congestion  unless  in  the  upmost 
20  cm.,  where  a  slight  d^ree  of  chronic  congestion  was  visible. 

Comparing  this  experiment  with  Experiment  LX.,  and  allow- 
ing for  the  difference  in  the  dose  of  the  salt,  we  observe  that 
the  salt  solution  has  undergone  no  material  change  in  bulk  since 
the  end  of  one  hour,  and,  it  may  be,  even  a  much  shorter  period, 
after  its  administration.  The  maximum  of  the  bulk  of  the 
saline  fluid  within  the  canal  is,  therefore,  early  attained. 

The  quantity  of  the  salt  recovered  in  this  experiment  calls 
much  more  for  our  attention.  We  have  formerly  seen  that  the 
amount  of  the  salt  within  the  canal  gradually  decreases  from 
the  time  of  its  administration  until  one  hour  afterwards.  In 
this  experiment  we  find  it  at  the  end  of  two  hours  on  the 
increase.  Instead  of  the  2  J  grammes,  recovered  in  the  three 
experiments,  where  the  animal  was  killed  at  the  end  of  one 
hour,  we  have  roughly  3|  grammes.  Such  a  curious  and 
important  phenomenon  required  confirmation,  and  accordingly 
the  next  experiment  is  simply  a  repetition  of  the  last. 

Experinierd  LXVI. — Cat,  male,  weighing  3*05  kilogrammes.  Ad- 
ministered 50  C.C.  of  a  10  per  cent,  solution  of  sulphate  of  soda, 
equivalent  to  5  grammes  of  the  salt     Killed  after  two  hours. 

Autopsy. — The  intestines,  exposed  immediately  after  death,  were 
pale,  and  exhibited  extremely  httle  movement  The  stomach  con- 
tained a  drop  of  yellowish,  alkaline  mucus;  the  small  intestine 
32  C.C.,  chiefly  in  the  ileum,  of  a  perfectly  colourless,  limpid,  alkaline 
fluid,  with  a  small  deposit  of  mucus.  The  colon  was  distended 
with  70  c.c.  of  a  brown-coloured  mixture  of  fluid  and  of  sohd  faeces, 
also  alkaline  in  reaction.  The  mucous  membrane  of  every  part  of  the 
canal  was  uncongested,  unless  in  the  duodenum,  20  cm.  of  which 
were  marked  with  a  few  irregularly  disposed  patches  of  chronic  con- 
gestion. There  was  a  moderate  number  of  tape-worms  in  the  small 
intestine.     The  gall-bladder  was  well  distended  with  bile. 

The  contents  of  the  intestines  yielded,  after  evaporation  to  dryness, 
a  residue  weighing  10*173  grammes,  which,  with  the  infusions,  was 
found  to  contain  4*078  grammes  of  NagSO^.lOHgO,  calculated  from 
the  sulphuric  acid  recovered.  The  fluid  originally  administered  had 
increased  to  83*71  c.c.  As  the  ash  of  the  residue,  deducting  the 
sulphates,  weighed  1*982  grammes,  there  must  have  been  a  large 
proportion  of  salts  in  the  secretion  excited  by  the  purgative.  The 
small  intestine  was  170  cm.  in  length. 

This  experiment  fully  attests  the  remarkable  result  of  the 
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previous  experiment,  exhibiting  even  a  larger  amount  of  salt 
within  the  canal  after  the  lapse  of  two  hours. 

In  order  to  ascertain,  at  still  later  periods,  what  variations  in 
quantity  the  salt  suffered,  was  the  object  of  the  succeeding 
experiments. 

Experiment  LXVIL — Cat,  male,  weighing  2*72  kilogramme& 
Administered  50  cc  of  a  10  per  cent,  solution  of  sulphate  of  soda,  or 
5  grammes  of  the  salt     Killed  after  three  hours. 

Autopsy. — On  exposing  the  intestines  immediately  after  deaths  they 
appeared  abnormally  pale.  After  a  few  minutes'  exposure,  however, 
the  blood-vessels  ramifying  on  the  peritoneal  surface  of  the  gut 
dilated,  and  imparted  quite  a  congested  aspect  to  the  intestines.  I 
mention  this,  as  it  was  observed  in  almost  eveiy  experiment ;  and  it 
might  lead  some  other  investigator,  who  neglected  to  perceive  the 
early  uncongested  stage,  to  the  belief  that  the  after  redness  was  due  to 
the  action  of  the  salt.  Vulpian,^  without  doubt,  failed  to  allow  for 
this  error  in  his  experiments. 

The  stomach  was  practically  empty,  containing  barely  a  drop  of 
mucua  The  contents  of  the  colon  and  the  lower  part  of  the  ileum 
measured  86  cc.  The  upper  part  of  the  intestine  was  empty.  The 
mucous  membrane  of  the  upper  third  of  the  small  intestine  was 
slightly  congested,  especially  towards  the  pylorus,  and  in  appearance 
and  situation  the  congestion  corresponded  exactly  to  what  I  have  so 
often  seen  in  cats  where  no  salt  had  been  administered. 

The  fluids  and  infusions  of  the  whole  alimentary  canal  yielded 
2*984  grammes  of  NagSO^.lOHgO,  reckoned  from  the  sulphuric  acid 
recovered. 

From  the  second  to  the  third  hour  after  its  administration  the 
salt  apparently  begins  once  more  to  decrease  in  amount. 

Experiment  LXVIIL — Cat,  male,  weighing  2  "72  kilogrammes. 
Administered  50  cc.  of  a  10  per  cent  solution  of  sodic  sulphate,  or 
5  grammes  of  the  salt.  Killed /<92£r  liours  afterwarda  Ligatures  were 
placed  round  the  ahmentary  canal  at  various  points  immediately  after 
the  animal  had  been  stunned. 

Autopsy. — The  stomach  contained  4  drops  of  bilious  fluid;  the 
small  intestine,  3  cc.  of  a  yellowish-brown  fluid,  with  an  alkaline 
reaction.  In  the  large  intestine  were  71  cc  of  a  thin,  brownish, 
gruel-like  fluid,  with  the  fsecal  lamps  much  more  disintegrated  than  in 
the  previous  experiments  ;  reaction,  neutral  or  faintly  alkaline.  The 
mucous  membrane  of  the  small  intestine  was  very  sKghtly  and 
irregularly  congested  in  its  upper  third  In  the  rest  of  its  extent 
both  in  small  and  large  intestines,  it  was  perfectly  pale. 

The  contents  of  the  intestines,  evaporated  to  dryness,    weighed 

}  Yulpian,  op,  ciL 
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5*242  gtammes,  and,  along  witih  the  infusiozifi,  yielded  3*072  grammes 
of  Na2SO4.10H2O,  as  estimated  from  the  sulphuric  acid  present  The 
50  cc.  of  salt  solution  administered  had,  therefore,  increased  to  70  c.c. 

This  concludes  the  first  portion  of  the  experiments  made  by 
this  simple  method.  They  were  performed  with  the  greatest 
care,  and  every  precaution  was  taken  to  ensure  that,  in  the 
amount  of  the  recovered  sulphate  given,  all  of  it  that  could  be 
procured  from  the  alimentary  canal  and  its  contents  was 
represented.  They  and  the  remaining  experiments  of  the  series 
were,  although  they  may  hardly  seem  so,  the  most  tedious  of  all 
the  experiments  of  this  investigation,  mainly  owing  to  the  time 
required  for  the  extraction  of  the  salt  from  the  alimentary 
canal  by  repeated  infusion,  and  for  the  perfect  drjdng  of  the 
intestinal  contents ;  and,  as  previously  mentioned,  the  vomiting 
of  the  administered  salt  by  the  cat,  or  its  being  purged  before 
the  requisite  time  had  expired,  was  a  frequent  source  of  delay. 
The  results  of  the  experiments  are,  however,  of  great  interest. 
The  indubitable  proof  they  oflfer  of  the  salt  withdrawing  fluid 
from  the  blood  through  exciting  secretion  in  the  alimentary 
canal  I  have  already  referred  to.  And  we  may  hold  it  as 
settled  that  every  solution  of  sulphate  of  soda  stronger  than  5 
per  cent,  administered  to  a  cat  which  has  fasted  for  twenty  hours, 
increases  in  quantity  until  it6  bulk  roughly  corresponds  to  the 
amount  of  fluid  necessary  to  form  a  5  per  cent,  solution  of  the 
dose  of  the  salt  originally  administered.  This  maximum  is 
rapidly  reached,  generally  within  less  than  an  hour,  and  begins 
afterwards  to  gradually  sink,  from  absorption  being  more  active 
than  secretion. 

The  secreted  fluid  was  on  almost  every  occasion  examined 
for  albumen,  and  never  more  than  a  mere  trace  could  be 
detected.  This  is  strongly  opposed  to  the  secretion  being  of 
the  nature  of  an  exudation  or  a  transudation.  The  opposition 
is  strengthened  by  the  uncongested  condition  of  the  mucous 
membrane.  The  small  patchy  congestion  of  the  duodenum 
frequently  described  is  no  proof,  as  I  have  already  discussed,  of 
the  irritative  action  of  the  salt,  as  it  is  often  met  with  in  cats  to 
which  nothing  has  been  administered,  and  is  evidently  either 
caused  by  tape-worms,  or  by  repeated  physiological  arterial 
engorgements  of  this  part  of  the  canal,  or  even  by  a  chronic 
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catarrhal  condition.  It  is  obviously  chronic.  When  the  con- 
gestion W£t8  accute  and  dififuse,  as  in  one  experiment  (LXIL),  I 
admit  the  salt  may  have  produced  it,  but  only  when  in  the  form 
of  a  concentrated  solution,  as  it  was  in  that  experiment  And 
this  effect  is  even  exceptional  after  the  application  of  a  20  per 
cent,  solution,  and  I  have  never  once  observed  it  after  a  10  per 
cent  solution.  The  secretion,  therefore,  cannot  be  regarded  as 
an  inflammatory  exudation,  as  Vulpian  has  asserted. 

The  rapid  passage  of  the  saline  fluid  through  the  alimentary 
canal  is  also  worthy  of  observation.  Where  the  animal  is 
fasting,  almost  the  whole  fluid  reaches  the  colon  within  an  hour, 
and  at  no  period  is  much  of  it  met  with  in  the  small  intestine. 
The  bulk  of  it  is  either  in  the  stomach  or  the  colon.  If  it  has 
left  the  former,  it  passes  without  much  delay  through  the  small 
intestine  to  the  latter.  And  if  purgation  does  not  at  once  occur, 
it  is  either  owing  to  the  inhibitory  power  exercised  by  the 
animal,  or  to  the  hardened  faeces  blocking  the  rectum  and 
requiring  disintegration.  The  passage  of  the  salt  will,  doubtless, 
be  much  hindered  when  it  is  administered  with  food.  The 
rapid  action  of  a  saline  purgative,  when  taken  in  the  early 
morning  before  breakfast,  is  easily  understood  from  these  experi- 
ments. 

Much  the  most  interesting  result,  however,  is  the  remarkable 
variations  in  the  quantity  of  the  salt  in  its  passage  through  the 
alimentary  canal — the  rapid  absorption  of  nearly  half  the  salt 
during  the  first  hour  after  its  administration,  and  the  excretion 
of  a  considerable  portion  of  the  absorbed  salt  during  the  next 
hour,  followed  by  a  steady  slow  absorption  of  the  salt  until 
defaecation  occurs.  The  annexed  table  brings  this  clearly  out 
In  these  changes  we  appear  to  have  confirmation  of  Headland's 
statement,^  now  almost  forgotten,  and  perhaps  never  credited, 
that  the  salt  is  absorbed  by  the  stomach  and  the  upper  part  of 
the  intestine,  and  having  reached  the  blood  is  carried  by  the 
circulation  through  the  vessels  of  the  glands  of  the  lower  part 
of  the  small  intestine  and  colon,  and  in  the  act  of  being 
excreted  by  the  glands  excites  them  to  increased  secretion.  If 
Headland's  view  be  correct,  we  would  expect  the  salt  to  purge 
equally,  if  not  more  powerfully,  when  injected  directly  into  the 

^  Supra,  p.  246. 
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circulation.  But  the  best  observers  state  that  purgation  does 
not  follow  the  intravenous  injection  of  the  salt,  and  in  the  next 
series  of  experiments  I  shall  have  reason  to  come  to  the  same 
conclusion.  We  are,  therefore,  precluded  froiu  believing  that  it 
is  the  absorbed  salt  which,  in  the  process  of  its  after  excretion, 
is  the  cause  of  the  purgative  secretion.  The  only  alternative  is, 
that  tlie  portion  of  the  salt  which  causes  purgation  is  that  which 
remains  within  the  alimentary  canal,  where,  by  its  local  stimulus 
of  the  glands,  it  is  capable  of  effecting  what  it  fails  to  do  when 
passing  with  the  blood  through  the  glands.  The  absorption 
and  excretion  of  the  salt  is  a  mere  concurrent  phenomenon 
which  does  not  concern  the  essential  action  of  the  purgative. 
Nevertheless,  it  may  be  of  great  importance  physiologically,  and 
accordingly  I  have  considered  it  worth  while  to  determine  as 
far  as  possible  where  and  how  it  occurs.  With  this  object  I 
made  the  following  two  experiments,  in  which  I  ascertained 
that  the  rapid  absorption  of  the  salt  in  the  early  stage  of  its 
action  does  not  take  place  in  the  stomach. 

Eitperitnent  LXIX, — Cat,  female,    weighing     3*05    kilogrammes. 
Opened  the  abdomen  by  a  short  linear  incision  to  the  right  of  and  cloee 
to  the  xiphoid  cartilage,  gently  exposed  the  duodenum  and  pylorus, 
ligatured  the  latter,  and  afterwards  the  former  below  the  entrance  of 
the  pancreatic  and  bile  ducts,  so  that  in  the  event  of  the  secretions 
from  the  ducts  being  poured  out  they  would  collect  between    the 
pylorus  and  the  ligature  in  the  duodenum.     The  oesophagus  in  the 
neck  was  next  exposed,  carefully  avoiding  injury  to  the  vagi  and 
sympathetica,  and  two  ligatures  were  placed  round  it,  and  an  incision 
made  into  the  tube  between  them.     The  upper  ligature  was  applied  to 
prevent  the  escape  of  saliva.     The  lower  served  to  prevent    the 
regurgitation  of  the  saline  solution  after  it  had  been  injected  into  the 
stomach  by  means  of  a  tube  passing  through  the  oesophageal  incision. 
The  stomach  was  previously  ascertained  to  be  empty  by  gently  press- 
ing it  after  the  introduction  of  the  empty  tube.     The  cat,  of  course, 
had  received  no  food  or  water  for  twenty  hours  before.     60  c.c.  of  a 
10  per  cent  solution  of  sulphate  of  soda  (5  grammes  of  the  salt)  were 
injected.     Killed  one  hour  afterwards. 

Autopsy. — The  stomach  contained  55  c.c  of  a  colourless,  slightly 
limpid  fluid,  faintly  opalescent  and  of  alkaline  reaction.  10  cc. 
required  0*14  cc.  of  standard  solution  of  oxalic  acid  for  neutralisation. 
It  contained  the  merest  trace  of  albumen,  but  gave  a  dense  white 
precipitate  with  nitrate  of  silver  and  nitric  acid,  showing  that  a 
quantity  of  chlorides  was  present.  The  whole  of  the  tiuid,  along 
with    the    infusion    of    the    stomach,    yielded   4*510    grammes    of 
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Na^SO4.10H2O,  reckoned,  as  usual,  from  the    sulphuric    acid   re- 
coverei 

The  duodenal  loop  was  practically  empty,  containing  only  one  or,  at 
most,  two  drops  of  a  very  viscid  bile.  The  whole  of  the  remainder  of 
the  small  intestine  was  perfectly  empty,  and  was  pale  throughout 
The  colon  contained  a  small  quantity  of  firm  faeces.  The  gall-bladder 
was  well  filled  The  urinary  bladder  contained  8  c.c.  of  urine,  and 
yielded  sulphuric  acid  equivalent  to  0*690  gramme  of  NajSO^.lOH^O. 

Experiment  LXX. — Cat,  female,  weighing  2*27  kilogrammes- 
Operation  conducted,  and  injection  made,  exactly  as  in  the  previous 
experiment,  50  c.c.  of  a  10  per  cent,  solution  of  sulphate  of  soda 
being  injected.     Killed  after  the  lapse  of  three  hours  arid  a  half. 

Autopsy. — In  the  stomach  were  69  c.c.  of  a  perfectly  colourless, 
limpid,  faintly*opalescent fluid,  which  filtered  slowly;  reaction,  alkaline, 
10  ac.  requiring  0*11  c.c.  of  standard  solution  of  oxalic  acid  for  neu- 
tralisation. The  fluid  contained  a  trace  of  glucose,  and  the  faintest 
trace  of  albumen,  when  tested  by  the  various  reagents ;  no  peptone 
reaction.  It  contained  a  large  quantity  of  chlorides.  There  was  little 
or  no  coagulation  of  mucin  with  excess  of  acetic  acid.  Acidified  with 
hydrochloric  acid,  it  digested  fibrin  with  great  facility. 

The  duodenal  loop,  as  well  as  the  remainder  of  the  small  intestine, 
was  perfectly  empty.  In  the  upper  third  of  the  intestine  was  a 
number  of  irregular  patches  of  congestion.  The  large  intestine  contained 
a  small  quantity  of  perfectly  firm  faecal  matter.  Gall-bladder,  dis- 
tended with  bile. 

Half  of  the  fluid  from  the  stomach,  with  half  the  infusion  of  the 
stomach- wall,  contained  of  sulphuric  acid,  estimated  as  NagSO^.lOHgO, 
2*042  grammes.  The  whole  contents  of  the  stomach,  therefore,  con- 
tained 4084  grammes. 

From  these  two  experiments  we  learn  that  the  absorption  of 
the  sulphate  of  soda  takes  place  very  slowly  from  the  stomach 
of  the  cat,  and  that  a  10  per  cent,  solution  of  the  salt  excites 
secretion  in  that  organ  with  great  difijculty.  The  rate  of  the 
absorption  of  the  salt  and  of  the  increase  of  the  saline  fluid  is 
very  much  less  than  was  observed  when  the  salt  was  adminis- 
tered per  08,  We  cannot,  therefore,  but  conclude  that  the 
stomach  plays  a  subsidiary  part  in  purgation,  and  contributes 
very  little  secretion  when  the  solution  administered  is  not 
stronger  than  10  per  cent.,  as  is  usually  the  case,  although 
Experiment  LXII.  renders  it  probable  that  a  20  per  cent  solu- 
tion abstracts  a  fair  amount  of  secretion. 

A  point  of  interest,  both  in  these  two  experiments  and  in 
Experiment  LXII.,  is  the  alkalinity  of  the  gastric  secretion.  The 
acid-forming  glands  are  apparently  not  capable  of  being  stimu- 
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lated  by  the  salt,  although  pepsin  (Experiment  LXX.)  was  not 
wanting  in  the  secretion.  The  presence  of  pepsin  in  conjunction 
with  a  small  amount  of  mucin  would  appear  to  indicate  that 
the  secretion  is  derived  as  much  from  the  peptic  follicles  as 
from  the  mucous  glands.  The  absence  of  congestion  of  the 
mucous  membrane,  and  of  albumen  or  its  digested  product, 
peptones,  in  the  secretion,  excludes  the  probability  of  the  fluid 
being  poured  out  as  an  inflammatory  exudation  from  the  super- 
ficial blood-vessels,  without  the  intervention  of  the  glands, 
which  otherwise  the  alkalinity  of  the  fluid  might  indicate,  as 
such  an  exudation  always  possesses  the  alkaline  reaction  of  the 
blood-serum.  The  determination  of  the  exact  nature  of  this  secre- 
tion is  of  some  importance ;  for  it  may  help  us  to  define  the  char- 
acter of  the  copious  secretion  resulting  from  the  action  of  the 
salt  on  the  intestine.  If  the  gastric  secretion  had  been  an 
ordinary  acid  gastric  juice,  we  would  have  expected  the  intes- 
tinal secretion  to  be  a  true  succus  entericus.  At  least,  the  acid 
of  the  former  is  awanting,  and  it  raises  the  possibility  of  the 
latter  being  likewise  deficient  in  some  of  the  constituents  of  the 
ordinary  succus. 

If,  as  we  have  just  seen,  the  salt  is  not  rapidly  absorbed  by 
the  stomach,  it  appears  almost  superfluous  to  add  experimental 
proof  of  its  being  much  more  quickly  absorbed  by  the  small 
intestine.  For  the  rapid  absorption  in  the  early  stage  of  the 
action  of  the  salt  must  occur  somewhere  in  the  alimentary  canal, 
and,  if  not  in  the  stomach,  then  in  the  intestines,  and,  most  pro- 
bably, in  the  smaller  of  these.  The  next  experiment  wiU 
prove  that  such  is  the  case. 

Experiment  LXXL — Cat,  male,  weighing  2^76  kilogrammes.  A 
short  incision  was  made  into  the  right  hypochondrium,  and  the  intes- 
tine exposed.  Without  withdrawing  more  than  an  inch  or  two  of  the 
gut,  the  small  intestine  was  ligatured  at  the  pylorus  and  close  to  the 
ccECum.  As  both  ends  of  the  intestine  lay  almost  immediately  beneath 
the  seat  of  the  incision,  there  was  no  unnecessary  disturbance  of  the 
abdominal  viscera.  As  the  cat  had  not  receiv  ed  food  for  nearly  twenty-six 
hours  previously,  it  was  certain  that  the  intestine  was  empty.  Through 
a  small  incision  in  the  upper  end  of  the  duodenum,  afterwards  liga- 
tured off,  50  c.c.  of  a  10  per  cent  solution  of  sulphate  of  soda 
(5  grammes  of  the  salt)  were  injected  into  the  small  intestine.  Killed 
three  hours,  thirty-five  minutes  af  terwarda 

Autopsy. — The  small    intestine  was   moderately  distended  with 
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106  ac  of  a  slightly  brown,  otherwise  transparent,  fluid ;  it  was  some- 
what viscid,  and  contained  a  few  shreddy  remnants  of  food,  and 
whitish  flakes.  Its  reaction  was  alkaline.  There  was  no  yellow  tint 
in  the  colour  of  the  fluid,  and  no  perceptible  bile  reaction  with  the 
usual  reagents. 

The  stomach  was  perfectly  empty,  and  the  colon  contained  a 
quantity  of  the  usual  &m  f seces,  but  not  a  drop  of  fluid. 

The  mucous  membrane  of  the  intestines  was  pale  and  uncongested  in 
its  whole  extent,  with  the  exception  of  a  few  centimetres  near  the 
pylorus,  which  showed  evidence  of  a  limited  chronic  congestion. 

The  fluid  from  the  small  intestine  yielded,  along  with  the  infusion, 
2-753  grammes  of  NagSO^'lOHgO,  as  calculated  from  the  sulphuric 
acid  recovered  Half  of  the  fluid  and  infusion  was  used  for  this  pur- 
pose, the  other  half  of  the  fluid  being  reserved  for  ascertaining  its 
digestive  power.  5  c.c  mixed  with  10  cc  of  a  1  per  cent  solution 
of  starch  and  placed  in  the  digesting-oven,  reduced  Fehling  after 
35  minutes'  digestion.  The  same  quantity  of  the  fluid  added  to  10  c.c. 
of  a  1  per  cent,  solution  of  cane-sugstr  showed  the  first  trace  of  invert- 
sugar  {^r  one  hour,  forty-five  minutea 

From  the  comparatively  slow  digestion  of  the  starch,  it  is 
evident  that  the  fluid  contained  very  little  pancreatic  juice.  As 
the  salt  solution  was  injected,  and  the  last  ligature  applied 
above  the  entrance  of  the  bile  and  pancreatic  ducts,  the  absence 
of  bile,  as  ascertained  by  the  want  of  colour  in  the  fluid  and  the 
application  of  reagents,  and  the  absence  of  pancreatic  juice,  as 
discovered  from  the  weak  diastatic  power  of  the  fluid,  confirm 
the  conclusion  arrived  at  from  previous  experiments,  that  these 
secretions  do  not  to  any  extent  form  a  part  of  the  purgative 
fluid. 

The  main  result  of  this  experiment  is  as  was  anticipated.  The 
absorption  of  the  salt,  and  the  secretion  of  fluid,  are  much  more 
rapid  in  the  small  intestine  than  in  the  stomach;  and  we  may 
assume  that  it  is  in  the  former  these  processes  chiefly  take  place 
when  the  salt  is  administered  per  os. 

These  last  three  experiments  will  help  us  to  explain  the 
results  obtained  from  the  experiments  which  preceded  them. 
I  have  already  given  one  suflScent  reason^  for  discrediting 
Headland's  theory  of  the  action  of  the  purgative  salt ;  and  to 
this  I  have  now  to  add  the  fact,  proved  by  these  experiments, 
that  the  absorbed  salt  never  appears  accompanied  by  secretion 
in  a  portion  of  the  alimentary  canal  lower  than  that  into  which 

1  P.  682. 
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it  has  been  injected.  A  small  quantity  of  salt  is  absorbed  by 
the  stomach,  but  none  of  it  and  no  fluid  are  found,  even  after 
more  than  three  hours,  in  the  intestines.  A  much  larger  quan- 
tity is  absorbed  by  the  small  intestine,  yet  none  of  it  reappears 
in  the  large  intestine,  and  not  a  drop  of  fluid  is  secreted  by  that 
viscus.  And  I  think  we  may  safely  take  it  for  granted  that, 
had  the  salt  injected  been  confined  to  the  upper  half  of  the 
small  intestine,  neither  salt  nor  fluid  would  have  been  found  in 
the  lower  half.  So  that,  neither  when  the  salt  is  directly 
injected  into  the  blood — ^the  proof  of  this  T  have  yet  to  oflfer — 
nor  when  absorbed  from  the  alimentary  canal,  is  it  capable  of 
exciting  secretion  in  any  alimentary  gland  through  whose  vessels 
it  circulates.  Local,  or,  if  we  might  say  so,  external,  contact 
of  the  salt  and  the  gland  is  essential  for  the  stimulation  of  the 
latter.  Headland  adduces  in  support  of  his  theory  Carpenter's  ^ 
single  experiment,  in  which  the  latter  saw  purgation  follow  the 
injection  of  sulphate  of  magnesia  into  the  stomach  of  a  dog  with 
its  pylorus  ligatured.  This  is  quite  opposed  to  my  two  experi- 
ments, and|  as  purgation  only  followed  after  a  considerable  time 
in  Carpenter's  experiment,  it  was  doubtless  due  to  the  mere 
irritation  of  the  intestines  produced  by  the  operation.  Car- 
penter does  not  appear  to  have  examined  the  dejection  for  the 
salt. 

Considering  it  as  fully  proved  that  it  is  the  salt  remaining 
within  the  alimentaiy  canal  which  stimulates  the  glands  and 
purges,  we  can  understand  how  a  quantity  of  a  saline  purgative 
short  of  a  full  dose  is  so  little  apt  to  produce  a  laxative  efiect 
commensurate  with  the  quantity  of  the  salt  administered,  as  is 
the  case  with  most  of  the  vegetable  cathartics.  A  saline  purga- 
tive, as  a  rule,  either  causes  a  free  watery  stool  or  entirely  fails 
to  act.  If  the  dose  administered  be  such  as  not  to  exceed  what 
can  be  absorbed  from  the  canal  during  the  stage  of  rapid  absorp- 
tion, then  too  little  remains  within  the  canal  to  excite  the 
glands  to  secretion,  and  purgation  does  not  occur.  On  the 
contrary,  constipation  is  more  likely  to  follow  from  the  diuretic 
action  of  the  absorbed  salt  depriving  the  body  of  its  usual 
quantity  of  fluids. 

But  we  have  yet  to  explain  how  the  salt  begins  to  reappear 

^  Carpenter,  op,  cU. 
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in  the  canal  after  its  absorption.    This  cumulative  excretion 
of  the  salt  does  not  probably  occur  in  the  locus  of  its  absorption ; 
for  we  cannot  understand  how  the  same  mucous  membrane 
should  first  quickly  absorb  the  salt,  afterwards  as  quickly 
excrete  it,  and,  finally,  slowly  absorb  it.   The  increase  of  the  salt 
cannot,  therefore,  well  take  place  in  the  small  intestine,  where 
we  believe  absorption  mainly  happens.    And  this  supposition 
receives  support  from  the  last  experiment,  in  which  the  quantity 
of  the  recovered  salt  was  such  as  to  indicate  that  absorption 
had  not  been  followed  by  excretion.    We  are,  accordingly,  forced 
to  conclude  that  the  salt  gains  in  quantity  after  the  saline  fluid 
has  reached  the  large  intestine,  and  that  this  is  dependent  on  a 
difference  in  the  structure  and  function  of  the  large  intestine  as 
compared  with  the  small  intestine.    If  a  solution  of  a  salt  be 
injected  into  the  small  intestine,  the  rapidity  of-  the  disappear- 
ance of  the  salt  will  depend  on  two  factors,  absorption  and 
secretion.    We  have  reason  to  believe,  from  the  B.  Series  of 
Experiments,  that,  however  dilute  the  saline  solution  may  be, 
and  whatever  change  it  may  undergo  in  bulk,  both  processes  of 
absorption  and  secretion  are  very  active ;  and  it  is  reasonable  to 
suppose  that  their  activity  will  finally  lead  to  an  equal  propor- 
tion or  percentage  of  the  salt  in  the  blood  and  in  the  fluid 
within  the  intestine.    This  will  certainly  happen,  if  the  fluid 
absorbed  contain  the  same  proportion  of  the  salt  as  the  in- 
testinal fluid  from  which  it  is  drawn,  and  if  the  fluid  secreted 
contains  the  same  proportion  of  the  salt  as  the  blood.    The 
proportion  of  salt  in  the  absorbed  fluid  will  gradually  grow  less, 
whilst  its  proportion  in  the  secreted  fluid  will  gradually  increase, 
until  both  are  equal,  when  the  blood  and  intestinal  fluid  will 
contain  a  like  percentage  of  the  salt,  and  the  absolute  quantity 
of  the  salt  in  each  will  be  respectively  as  their  bulks.    If  this  be 
so,  then,  after  the  administration  of  a  solution  of  5  grammes  of 
sulphate  of  soda  to  a  cat  weighing  about  3  kilogrammes,  a  dose 
which  we  know  from  experiment  to  increase  the  fluid  within 
the  alimentary  canal  to  about  100  c.c,  we  would  expect  to  find 
in  the  blood  two-thirds,  and  in  the  intestinal  fluid  one-third,  of 
the  salt  given,  reckoning  that  one-fifteenth  part  of  the  weight  of 
the  cat,  or  200  grammes,  is  blood.    But  in  none  of  the  experi- 
ments recorded  is  the  minimum  of  salt  within  the  canal  so  low 
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as  one-third,  not  even  in  Experiment  LXXL,  where  the  salt 
was  permitted  to  remain  for  some  hours  in  the  intestine, 
and  where  ample  time  was  allowed  for  the  blood  being 
recouped  by  the  tissue-fluids  for  what  serum  it  may  have 
yielded  to  the  intestine.  Therefore,  either  the  secretion  excited 
by  the  salt  contains  a  larger  proportion  of  the  salt  than  the 
blood,  or  the  absorbed  fluid  contains  a  less  proportion  than  the 
fluid  within  the  intestine.  The  former  alternative  is  improbable ; 
for  no  secretion,  physiological  or  pathological,  in  the  body 
contains  a  higher  percentage  of  salts  than  the  blood  from  which 
it  is  derived.  The  urine  is  a  notable  exception;  but  according  to 
Ludwig's  well-known  theory,  the  excess  of  the  salts  is  explained 
by  the  absorption  in  the  tubuli  uriniferi  of  a  portion  of  the 
water  of  the  glomerular  secretion.  The  latter  alternative  is  not 
without  probability.  The  villi  of  the  intestine  may  exercise  a 
certain  power  of  selection  in  absorption,  and  absorb  from  a  saline 
solution  more  of  the  water  and  less  of  the  salt  than  the  propor- 
tion in  which  they  exist  in  the  solution.  This  supposition  is 
rendered  possible  by  what  we  know  of  the  absorption  of  saline 
solutions  by  the  roots  of  plants/  and  it  is  supported  by  experi- 
ments on  the  imbibition  of  saline  solutions  by  animal  tissues. 
Ludwig^  observed  that  a  piece  of  dried  urinary  bladder, 
placed  in  a  7*2  per  cent,  solution  of  sulphate  of  soda,  became 
saturated  with  a  fluid  containing  only  4*4  per  cent  of  the  salt 
Indeed,  absorption  seems,  for  the  most  part,  to  be  governed  by 
the  laws  which  regulate  imbibition  and  diffusion,  secretion  by 
the  laws  of  flltration. 

If  the  small  intestine  exhibit  in  its  absorption  of  a  solution 
of  sulphate  of  soda  a  preference  for  the  water,  we  have  only  to 
believe,  in  order  to  understand  the  rapid  accumulation  of  the  salt 
within  the  alimentary  canal  during  the  second  hour  of  the 
action  of  the  salt,  that  the  preference  for  the  water  and  the 
rejection  of  the  salt  are  manifested  to  a  still  greater  d^;ree  in  the 
absorptive  function  of  the  large  intestine.  So  that,  when  the 
saline  fluid  passes  into  the  colon,  a  secretion  with  the  same 
percentage  of  the  salt  as  the  blood  will  be  poured  out,  just  as 
it  was  in  the  small  intestine;  but  in  the  absorbed  fluid  the 

*  SauBSure,  Becherch^  chemiq,  sur  la  vigitat, 

*  Ludwig,  Lehrbtteh  der  Pkynoloffie,  6d.  i,  a.  6iet  aeq. 
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percentage  of  the  salt  will  be  much  less  than  in  the  intestioal 
fluid,  and  atlU  less  than  that  in  the  fluid  absorbed  by  the  small 
intestine.  The  salt  will  thus  quickly  accumulate  within  the 
colon. 


_- -- e  of  thB  TsriationB  in  the  Qa»ntit7  of  Salt  Hid 

Fluid  within  the  AlimeutaryCaji&l  after  the  administration  of  a  S,  10,  or  20  per  cent. 
Bolation  of  5  rtiiib.  of  Crystalline  Sulphate  of  Soda  to  k  Oit,  The  salt  ia  cslcnlated 
from  tlid  sulphnric  acid  rauoTcred. 

In  this  WB,y  it  is  possible  to  offer  an  ezplanation  of  a 
phenomenon,  or  a  series  of  phenomena,  otherwise  very  difficult 
to  comprehend.  In  accordance  with  this  view  I  have  prepared 
a  diagram  which  shows  the  variations  of  the  salt  in  its  passage 
through  the  alimentary  canal,  and  which  attempts  to  define  in 
what  portion  of  the  canal  each  of  the  variations  occur. 

Sebies  of  Expeeiments.  E. 

On  the  effect  of  the  salt  when  injected  into  the  blood. 

Considering  the  large  and  weighty  array  of  investigators  who 
have  affirmed  that  the  intravenous  injection  of  a  saline  pui^ativc 
is  not  followed  by  its  usoal  cathartic  action,  it  seems  almost 
Unnecessary  that  I  should  have  made  further  ezpenments  to 
determine  the  accuracy  of  this  statement    Amongst  others. 
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circulation.  But  the  best  observers  state  that  purgation  does 
not  follow  the  intravenous  injection  of  the  salt,  and  in  the  next 
series  of  experiments  I  shall  have  reason  to  come  to  the  same 
condusLon.  We  are,  therefore,  precluded  froiu  believing  that  it 
is  the  absorbed  salt  which,  in  the  process  of  its  after  excretion, 
is  the  cause  of  the  purgative  secretion.  The  only  alternative  is, 
that  tlie  portion  of  the  salt  which  causes  purgation  is  that  which 
remains  within  the  alimentary  canal,  where,  by  its  local  stimulus 
of  the  glands,  it  is  capable  of  effecting  what  it  fails  to  do  when 
passing  with  the  blood  through  the  glands.  The  absorption 
and  excretion  of  the  salt  is  a  mere  concurrent  phenomenon 
which  does  not  concern  the  essential  action  of  the  purgative. 
Nevertheless,  it  may  be  of  great  importance  physiologically,  and 
accordingly  I  have  considered  it  worth  while  to  determine  as 
far  as  possible  where  and  how  it  occurs.  With  this  object  I 
made  the  following  two  experiments,  in  which  I  ascertained 
that  the  rapid  absorption  of  the  salt  in  the  early  stage  of  its 
action  does  not  take  place  in  the  stomach. 

Experiment  LXIX. — Catj  female,  weighing  3*05  kilogrammes. 
Opened  the  abdomen  by  a  short  linear  incision  to  the  right  of  and  close 
to  the  xiphoid  cartilage,  gently  exposed  the  duodenum  and  pylorus, 
ligatured  the  latter,  and  afterwards  the  former  below  the  entrance  of 
the  pancreatic  and  bile  ducts,  so  that  in  the  event  of  the  secretions 
from  the  ducts  being  poured  out  they  would  collect  between  the 
pylorns  and  the  ligature  in  the  duodenum.  The  oesophagus  in  the 
neck  was  next  exposed,  carefully  avoiding  injury  to  the  vagi  and 
sympathetica,  and  two  ligatures  were  placed  round  it,  and  an  incision 
made  into  the  tube  between  them.  The  upper  ligature  was  applied  to 
prevent  the  escape  of  saliva.  The  lower  served  to  prevent  the 
regurgitation  of  the  saline  solution  after  it  had  been  injected  into  the 
stomach  by  means  of  a  tube  passing  through  the  oesophageal  incision. 
The  stomach  was  previously  ascertained  to  be  empty  by  gently  press- 
ing it  after  the  introduction  of  the  empty  tube.  The  cat,  of  course, 
had  received  no  food  or  water  for  twenty  hours  before.  50  cc.  of  a 
10  per  cent  solution  of  sulphate  of  soda  (5  grammes  of  the  salt)  were 
injected.     Killed  one  hour  afterwards. 

Autopsy. — The  stomach  contained  55  ac.  of  a  colourless,  slightly 
limpid  fluid,  faintly  opalescent  and  of  alkaline  reaction.  10  cc. 
required  0*14  cc.  of  standard  solution  of  oxalic  acid  for  neutralisation. 
It  contained  the  merest  trace  of  albumen,  but  gave  a  dense  white 
precipitate  with  nitrate  of  silver  and  nitric  acid,  showing  that  a 
quantity  of  chlorides  was  present.  The  whole  of  the  fluid,  along 
with    the    infusion    of    the    stomach,    yielded   4'510    grammes    of 
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Na2SO..10H2O,  reckoned,   as  usual,  from  the    sulphuric    acid   re- 
covered. 

The  duodenal  loop  was  practically  empty,  containing  only  one  or,  at 
most,  two  drops  of  a  very  viscid  bile.  The  whole  of  the  remainder  of 
the  small  intestine  was  perfectly  empty,  and  was  pale  throughout 
The  colon  contained  a  small  quantity  of  firm  fasces.  The  gall-bladder 
was  well  fiUedL  The  urinary  bladder  contained  8  c.c.  of  urine,  and 
yielded  sulphuric  acid  equivalent  to  0*690  gramme  of  NagSO^.lOHgO. 

JExperiment  LXX. — Cat,  female,  weighing  2*27  kilogrammes- 
Operation  conducted,  and  iujection  made,  exactly  as  in  the  previous 
experiment,  50  c.c.  of  a  10  per  cent,  solution  of  sulphate  of  soda 
being  injected.     Killed  after  the  lapse  of  three  hours  arid  a  half. 

Autopsy. — In  the  stomach  were  69  c.c.  of  a  perfectly  colourless, 
limpid,  faintly*opale8cent  fluid,  which  filtered  slowly;  reaction,  alkaline, 
10  C.C.  requiring  0*11  c.c.  of  standard  solution  of  oxalic  acid  for  neu- 
tralisation. The  fluid  contained  a  trace  of  glucose,  and  the  faintest 
trace  of  albumen,  when  tested  by  the  various  reagents ;  no  peptone 
reaction.  It  con^ned  a  large  quantity  of  chlorides.  There  was  little 
or  no  coagulation  of  mucin  with  excess  of  acetic  acid.  Acidified  with 
hydrochloric  acid,  it  digested  fibrin  with  great  facility. 

The  duodenal  loop,  as  well  as  the  remainder  of  the  small  intestine, 
was  perfectly  empty.  In  the  upper  third  of  the  intestine  was  a 
number  of  irregular  patches  of  congestion.  The  large  intestine  contained 
a  small  quantity  of  perfectly  firm  fascal  matter.  Gall-bladder,  dis- 
tended with  bila 

Half  of  the  fluid  from  the  stomach,  with  half  the  infusion  of  the 
stomach- wall,  contained  of  sulphuric  acid,  estimat^il  as  NagSO^.lOHgO, 
2-042  grammes.  The  whole  contents  of  the  stomach,  therefore,  con- 
tained 4*084  grammes. 

From  these  two  experiments  we  leam  that  the  absorption  of 
the  sulphate  of  soda  takes  place  very  slowly  from  the  stomach 
of  the  cat,  and  that  a  10  per  cent,  solution  of  the  salt  excites 
secretion  in  that  organ  with  great  difl^culty.  The  rate  of  the 
absorption  of  the  salt  and  of  the  increase  of  the  saline  fluid  is 
very  much  less  than  was  observed  when  the  salt  was  adminis- 
tered per  08,  We  cannot,  therefore,  but  conclude  that  the 
stomach  plays  a  subsidiary  part  in  purgation,  and  contributes 
very  little  secretion  when  the  solution  administered  is  not 
stronger  than  10  per  cent.,  as  is  usually  the  case,  although 
Experiment  LXII.  renders  it  probable  that  a  20  per  cent,  solu- 
tion abstracts  a  fair  amount  of  secretion. 

A  point  of  interest,  both  in  these  two  experiments  and  in 
Experiment  LXIL,  is  the  alkalinity  of  the  gastric  secretion.  The 
acid-forming  glands  are  apparently  not  capable  of  being  stimu- 
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lated  by  the  salt,  although  pepsin  (Experiment  LXX.)  was  not 
wanting  in  the  secretion.  The  presence  of  pepsin  in  conjunction 
with  a  small  amount  of  mucin  would  appear  to  indicate  that 
the  secretion  is  derived  as  much  from  the  peptic  follicles  as 
from  the  mucous  glands.  The  absence  of  congestion  of  the 
mucous  membrane,  and  of  albumen  or  its  digested  product, 
peptones,  in  the  secretion,  excludes  the  probability  of  the  fluid 
being  poured  out  as  an  inflammatory  exudation  from  the  super- 
ficial blood-vessels,  without  the  intervention  of  the  glands, 
which  otherwise  the  alkalinity  of  the  fluid  might  indicate,  as 
such  an  exudation  always  possesses  the  alkaline  reaction  of  the 
blood-serum.  The  determination  of  the  exact  nature  of  this  secre- 
tion is  of  some  importance ;  for  it  may  help  us  to  define  the  char- 
acter of  the  copious  secretion  resulting  from  the  action  of  the 
salt  on  the  intestine.  If  the  gastric  secretion  had  been  an 
ordinary  acid  gastric  juice,  we  would  have  expected  the  intes- 
tinal secretion  to  be  a  true  succus  entericus.  At  least,  the  acid 
of  the  former  is  awanting,  and  it  raises  the  possibility  of  the 
latter  being  likewise  deficient  in  some  of  the  constituents  of  the 
ordinary  succus. 

If,  as  we  have  just  seen,  the  salt  is  not  rapidly  absorbed  by 
the  stomach,  it  appears  almost  superfluous  to  add  experimental 
proof  of  its  being  much  more  quickly  absorbed  by  the  small 
intestine.  For  the  rapid  absorption  in  the  early  stage  of  the 
action  of  the  salt  must  occur  somewhere  in  the  alimentary  canal, 
and,  if  not  in  the  stomach,  then  in  the  intestines,  and,  most  pro- 
bably, in  the  smaller  of  these.  The  next  experiment  wiU 
prove  that  such  is  the  case. 

Experiment  LXXL — Cat,  male,  weighing  2-75  kilogrammes.  A 
short  incision  was  made  into  the  right  hypochondrium,  and  the  intes- 
tine exposed.  Without  withdrawing  more  than  an  inch  or  two  of  the 
gut,  the  small  intestine  was  hgatured  at  the  pylorus  and  close  to  the 
coecum.  As  both  ends  of  the  intestine  lay  almost  immediately  beneath 
the  seat  of  the  incision,  there  was  no  unnecessary  disturbance  of  the 
abdominal  viscera.  As  the  cat  had  not  received  food  for  nearly  twenty-six 
hours  previously,  it  was  certain  that  the  intestine  was  empty.  Through 
a  small  incision  in  the  upper  end  of  the  duodenum,  afterwards  liga- 
tured off,  50  c.c.  of  a  10  per  cent  solution  of  sulphate  of  soda 
(5  grammes  of  the  salt)  were  injected  into  the  small  intestine.  Killed 
three  Jiours,  thirty-five  minvtes  afterwards. 

Autopsy. — The  small    intestine  was   moderately  distended  with 
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106  C.G.  of  a  slightly  brown,  otherwise  transparent,  fluid ;  it  was  some- 
what viscid,  and  contained  a  few  shreddy  remnants  of  food,  and 
whitish  flakes.  Its  reaction  was  alkaline.  There  was  no  yellow  tint 
in  the  colour  of  the  fluid,  and  no  perceptible  bile  reaction  with  the 
usual  reagents. 

The  stomach  was  perfectly  empty,  and  the  colon  contained  a 
quantity  of  the  usual  firm  faeces,  but  not  a  drop  of  fluid. 

The  mucous  membrane  of  the  intestines  was  pale  and  uncongested  in 
its  whole  extent,  with  the  exception  of  a  few  centimetres  near  the 
pylorus,  which  showed  evidence  of  a  limited  chronic  congestion. 

The  fluid  from  the  small  intestine  yielded,  along  with  the  infusion, 
2*753  grammes  of  NagSO^'lOHgO,  as  calculated  from  the  sulphuric 
acid  recovered.  Half  of  the  fluid  and  infusion  was  used  for  this  pur- 
pose, the  other  half  of  the  fluid  being  reserved  for  ascertaining  its 
digestive  power.  5  c.c  mixed  with  lOcc.  of  a  1  percent,  solution 
of  starch  and  placed  in  the  digesting-oven,  reduced  Fehling  after 
35  minutes'  digestion.  The  same  quantity  of  the  fluid  added  to  10  c.c. 
of  a  1  per  cent,  solution  of  cane-sugar  showed  the  first  trace  of  invert- 
sugar  after  one  hour,  forty-five  minutes. 

From  the  comparatively  slow  digestion  of  the  starch,  it  is 
evident  that  the  fluid  contained  very  little  pancreatic  juice.  As 
the  salt  solution  was  inject-ed,  and  the  last  ligature  applied 
above  the  entrance  of  the  bile  and  pancreatic  ducts,  the  absence 
of  bile,  as  ascertained  by  the  want  of  colour  in  the  fluid  and  the 
application  of  reagents,  and  the  absence  of  pancreatic  juice,  as 
discovered  from  the  weak  diastatic  power  of  the  fluid,  confirm 
the  conclusion  arrived  at  from  previous  experiments,  that  these 
secretions  do  not  to  any  extent  form  a  part  of  the  purgative 
fluid. 

The  main  result  of  this  experiment  is  as  was  anticipated.  The 
absorption  of  the  salt,  and  the  secretion  of  fluid,  are  much  more 
rapid  in  the  small  intestine  than  in  the  stomach;  and  we  may 
assume  that  it  is  in  the  former  these  processes  chiefly  take  place 
when  the  salt  is  administered  per  os. 

These  last  three  experiments  will  help  us  to  explain  the 
results  obtained  from  the  experiments  which  preceded  them. 
I  have  already  given  one  suflBcent  reason^  for  discrediting 
Headland's  theory  of  the  action  of  the  purgative  salt ;  and  to 
this  I  have  now  to  add  the  fact,  proved  by  these  experiments, 
that  the  absorbed  salt  never  appears  accompanied  by  secretion 
in  a  portion  of  the  alimentary  canal  lower  than  that  into  which 

1  P.  682. 
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The  urine  collected  daring  the  first  twenty-four  houis  gave  a  distinct 
sugar  reaction,  but  contained  no  albumen. 

In  conjunction  with  the  results  of  previous  observers  we  are 
perfectly  warranted  in  concluding  from  these  three  experiments 
that  the  sulphate  of  soda  is  quite  incapable  of  inducing  its  usual 
purgative  effect  when  injected  into  the. circulation.  On  the 
contrary,  a  degree  of  constipation  appears  usually  to  follow. 

A  somewhat  remarkable  phenomenon  observed  in  the  course 
of  these  and  similar  experiments  is  the  appearance  of  sugar 
(glucose  presumably)  in  the  urine.  On  referring  to  Hermann's 
Physiology,  I  find  that  Bock  and  Hofifmann  are  credited  with 
the  statement  that  very  dilute  saline  solutions  cause,  when 
injected  into  the  blood,  a  temporary  diabetes  mellitus.  I  have 
more  than  once  observed  the  same  result  follow  the  injection  of 
the  salt  into  a  ligatured  loop  of  intestina  It  is  not  improbable 
that  the  salt  in  the  blood  may  hinder  the  assimilation  of  the 
carbo-hydrate  by  the  tissues,  while  its  production  in  the  liver 
proceeding  as  usual  may  lead  to  its  accumulation  in  the  blood 
and  its  discharge  in  the  renal  secretion. 

Sulphate  of  magnesia  was  employed  in  the  next  experiments, 
the  main  interest  of  which  lies  in  their  proof  of  the  high  toxic 
power  possessed  by  this  salt  as  compared  with  the  corresponding 
salt  of  soda.  This  toxicity  is  but  very  vaguely  understood  and 
not  generally  known,  scarcely  one  of  the  best  text-books  on 
pharmacology  alluding  to  it  with  emphasia 

£xpenmeivt  LXXV, — Dog,  weighing  7*25  kilogrammea  Anaas- 
thetised.  During  the  iujection  of  a  20  per  cent,  solution  of  sulphate 
of  magnesia  into  the  external  saphenous  vein  of  the  left  hind  leg,  and 
when  not  more  than  3  c.c.  had  been  injected,  the  animal  died,  and 
animation  could  not  be  restored  by  means  of  artificial  respiration. 
Death  may  have  resulted  from  an  over-dose  of  the  aniestfaetic,  but  this 
is  improbable.  It  was  more  likely  due  to  the  sudden  injection  of  the 
concentrated  solution  of  the  salt,  for  death  immediately  followed  the 
ii\jection.  The  quantity  of  the  salt — 0*6  gramme — was  extremely 
small^  and  was  not  more  than  the  twentieth  part  of  a  purgative  dose. 

Not  being  aware,  as  yet,  of  the  high  toxic  power  of  this  salt,  I 
attributed  the  death  of  the  dog  to  the  ansBsthetic,  and  proceeded 
to  repeat  the  experiment  on  a  cat 

Experimerd  LXXVL — Cat,  female,  weighing   2*28  kilogrammes. 
1  Hermann's  Elements  of  Phyeiology,  translated  by  Gamgee,  1876,  p.  189. 


THB  ACTION  OF  SAUNE  CATHABTICS.  697 

Lightly  anaesthetised.  Not  more  than  1*5  c.c.  of  a  20  per  cent 
solution  of  sulphate  of  magnesia  had  been  leisurely  injected  into  the 
saphenous  vein,  when  the  cat  died  as  suddenly  as  the  dog  had  done. 

As  I .  now  suspected  that  the  sudden  and  fatal  termination  of 
these  two  experiments  was  due  to  the  salt,  I  took  another  cat,  and 
injected  a  10  per  cent,  solution  very  slowly  and  cautiously,  so 
as  to  obviate  as  far  as  possible  the  directly  and  locally  paralytic 
effect  of  the  salt  on  the  heart  from  possible  irritation  of  the 
endocardium.  I  need  hardly  state  that  I  ascertained  that  the 
salt  used  was  chemically  pure. 

ExperimeTii  LXXVL — Cat,  female,  weighing  2*26  kilogrammes. 
A  10  per  cent,  solution  of  sulphate  of  magnesia  was  injected  into  the 
left  external  saphenous  vein,  and  injected  so  slowly  that  twenty 
minutes  were  occupied  in  introducing  6  c.c  When  this  point  had 
been  reached  respiration  altogether  ceased,  while  the  heart  continued 
to  beat,  although  with  greatly  diminished  rapidity.  Sylvester's 
method  of  artificial  respiration  was  maintained  for  a  few  minutes, 
until  natural  respiration  recommenced.  On  account  of  the  animal 
having  appeared  perfectly  unconscious  since  a  few  minutes  after  the 
commencement  of  the  injection  of  the  salt,  no  ansesthetio  had  from 
^  that  time  been  applied.     During  the  forty  minutes  succeeding  the 

recovery  of  the  animal  from  suspended  respiration  7  c.c.  of  the  saline 
solution  were  gradually  injected.  This  was  followed  once  more  by 
cessation  of  respiration,  the  heart  beating  irregularly  at  the  rate  of 
31  per  minute.  Previous  to  the  experiment  it  was  146.  Artificial 
respiration  was  at  once  resorted  to,  and  maintained  for  ten  minutes, 
but  ineffectually.  The  heart  meanwhile  was  beating  very  slowly,  and 
gradually  becoming  weaker  until  it  finally  stopped,  without  a  single 
effort  having  been  made  by  the  animal  to  lespire. 

Autopsy. — The  abdomen  was  immediately  opened,   and  the  in- 
)  testines  observed  to  be  quite  at  rest,  and  perfectly  empty,  with  the 

exception  of  the  colon,  which  contained  the  usual  semi-solid  faces. 
The  mucous  membrane  of  the  canal  was  pale,  unless  for  20  cm.  below 
the  pylorus,  where  there  existed  small  irregular  and  moderately  con- 
gested patches,  evidently  of  a  chronic  character.  There  were  no  tape- 
worms.    The  urine  did  not  contain  much  magnesia. 

This  experiment  rendered  it  perfectly  clear  that  sulphate  of 
magnesia  possessed  considerable  toxic  power ;  and  from  the  care 
employed  in  its  injection  it  was  highly  probable  that  the 
amount  of  the  salt  used — 1*3  grammes — was  the  lethal  dose  for 
a  cat  weighing  2*26  kilogrammes.  This  quantity  is  much  larger 
than  that  needed  in  the  two  previous  experiments,  but  in  these 
it  is  almost  certain  that  the  greater  concentration  of  the  saline 
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solution  and  its  more  rapid  injection  directly  affected  the  heart 
and  respiration. 

Having  now  ascertained  the  lethal  dose  of  sulphate  of  magnesia, 
which,  it  will  be  observed,  is  far  short  of  the  dose  required  per  os 
for  purgation,  I  proceeded  to  inject  into  the  cinnilation  of  another 
cat  as  much  of  the  salt  as  I  possibly  could  short  of  causing  death, 
vdth  the  object  of  learning  if  purgation  might  follow. 


Experiment  LXXVIL — Cat^  female,  weighing  1*81  kilogrammes. 
Anaesthetised.  A  5  per  cent,  solution  of  sulphate  of  magnesia  was  in- 
jected into  the  external  saphenous  vein  of  the  left  hind  leg. 


TimA. 
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perMinute. 

JLUUIh 
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• 
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.«• 
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66 

4.15  to  4.16 

2cc 

•*. 

... 
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... 
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32 

4.21  to  4.32 

6c.c 

•  •  • 

.  •• 

4.36  « 

>  ■  • 
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26 

4.36  to  4.38 
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•  •  • 

•  •• 

4.41 

•  •• 
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24 

4.42  to  4.47 

2-6  c.c 

... 

... 

4.60 

•  •  ■ 

84 

20 

4.51  to  4.57 

2*6  cc 

•  ■  • 

■  •• 

6 

... 

76 

18 

6.1  to  6.7  ' 

6  cc 

... 

... 

6.10 

•  •  • 

76 

17 

6.12 

Ice 

•  •  • 

.  *■ 

6.13 

(       40-62 
\   iriegular. 

very  slow  and 

•  •  • 

deep. 

6.13^ 

2cc 

6.14. — Eespiration  ceased,  followed  in  fifteen  seconds  by  the  stop- 
page of  the  heart  Sylvestrian  artificial  respiration  was  at  once 
pmctised,  and  one  minute  afterwards  the  heart  commenced  to  beat^ 
but  very  slowly.  -Four  minutes  later,  natural  respiration  returned,  and 
artificial  respiration  was  stopped. 

5.24. — ^Again  stoppage  of  the  respiration,  followed  by  that  of  the 
heart    Artificial  respiration  was  once  more  resorted  to. 

^  The  application  of  the  anaiitjbetic  was  diacontinued,  as  the  animal  remained 
nnconscious  without  it 

*  From  this  time  the  conjunctire  were  quite  insensible  to  stimnlas,  nor  oould 
pinching  of  any  part  of  tiie  body  provoke  a  reflex  movement  The  animal 
appeared  to  be  in  a  state  of  profound  narcosis. 

*  At  6.4  there  was  a  gentle  movement  of  the  whole  body,  and  slight  reflex 
sensibOity  of  conjonctivs. 
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5.26. — ^The  heart's  action  restored,  and  four  minutes  afterwards  the 
pulse  was  40. 

5.37. — ^Artificial  respiration  stopped;  and,  although  the  heart  con- 
tinued to  beat,  it  was  not  until  three  or  four  minutes  afterwards  that 
natural  respiration  attempted  to  reassert  itself  by  an  occasional  upheaval 
of  the  upper  part  of  the  chest,  the  diaphragm  remaining  apparently 
quite  inactiye.  Bespiration  was  gradually  established.  Reflex  sensi- 
bility of  every  part  of  the  body  still  completely  abolished. 

5.43. — Pulse  42,  and  respirations  8. 

5.48. — ^Pulse  48,  and  respirations  10. 

The  wound  was  now  closed,  and  the  cat  was  removed  from  the 
holder.  It  was  still  perfectly  insensible  to  stimulation.  The  pupils 
contracted  very  slowly  on  exposure  to  light,  and  when  contracted  their 
dilatation  in  the  dark  occupied  several  minutes,  an  operation  accom- 
plished almost  momentarily  in  the  normal  cat 

5.55. — ^Pulse  48,  and  respirations  12.  Three  minutes  later  the  cat 
made  a  few  feeble  and  very  limited  spontaneous  movements. 

6.5 — ^Constant  small  twitching  movements  of  all  the  limbs  com- 
menced. ConjunctivsB  still  insensible.  Pulse  now  64,  and  respirsr 
tions  18. 

6.25. — ^The  twitchings  had  ceased,  and  there  were  instead  occasional 
movements  of  the  head. 

6.45. — ^Pulse  80,  and  respirations  22  ;  coi^junctivsB  not  yet  sensible. 

7.5. — ^Pulse  102,  and  respirations  32.  Conjunctivse  had  now 
become  slightly  sensible,  and  the  animal  made  fair  co-ordinate  efforts 
to  mova 

8.0 — Pulse  104,  and  respirations  24;  able  to  sit  up,  but  very  weak. 
Conjunctivae  quite  sensible. 

9.0. — Pulse  104,  respirations  24;  still  very  helpless,  although  a 
little  stronger. 

Kext  day  it  looked  as  well  and  as  lively  as  it  did  before  the  experi- 
ment, and  eujoyed  its  food.  Pulse  192,  respirations  48  to  56.  It 
appeared  to  be  very  thirsty  during  the  day.  No  faeces  passed  as 
yet 

On  the  third  day  there  was  a  small  evacuation  of  hard  faeces  in  the 
afternoon. 

Altogether,  23  cc.  of  the  salt  solution,  or  1*15  grammes  of  the  salt, 
were  injected. 

This  experiment  fully  warrants  the  deduction  that  sulphate 
of  magnesia,  no  more  tihan  sulphate  of  soda,  is  capable  of  purging 
when  injected  intravenously.  There  is,  however,  this  important 
difference,  that  whereas  a  full  purgative  dose  of  the  latter  salt 
can  be  introduced  with  impunity  into  the  circulation,  not  more 
than  one-fifth  part  of  an  ordinary  dose  of  the  former  can  be 
injected  without  endangering  the  life  of  the  animal  And  it  is 
possible  that,  could  more  of  the  sulphate  of  magnesia  be  intro- 
duced into  the  blood,  it  might  affect  the  intestines,  and  produce 
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catharsis.  But  this  is  in  the  highest  degree  improbable,  as  in 
Experiment  LXXYI.,  where  the  animal  died  some  time  after 
the  injection  of  the  salt,  not  the  least  sign  of  cathartic  action 
was  visible  in  the  intestines. 

If  it  be  admitted,  then,  that  a  saline  cathartic  does  not  pro- 
duce its  characteristic  action  when  injected  into  the  blood,  we 
have  proved  a  fact  which  is  not  at  variance  with  the  results  of 
the  previous  series  of  experiments,  or  with  the  theories  I  have 
attempted  to  base  upon  them.    We  are,  therefore,  now  entitled 
to  dismiss  Headland's  theory,  that  it  is  the  salt  which  is  absorbed 
by  the  blood  that  causes  purgation  in  the  course  of  its  excretion 
by  the  intestinal  glands.    We  cannot,  however,  so  easily  rid 
ourselves  of  the  results  of  the  experiments  upon  which,  in  part, 
his  theory  was  grounded.     It  will  be  remembered,  that  in  these 
experiments   Headland   administered   180   grains  (about  11| 
grammes)  of  sulphate  of  magnesia  to  each  of  three  dogs,  and 
that  from  the  alimentary  canal  of  one  of  the  animals  he  re- 
covered less  than  one-third  of  the  salt;  so  that  about  7^ 
grammes    had    evidently  been  absorbed  by  the  blood.    The 
question  naturally  arises,  if  this  be  so,  why  were  none  of  the 
toxic  symptoms  of  the  magnesia  salt  witnessed  in  the  animals 
to  which  it  had  been  administered ;  and  why,  indeed,  were  none 
of  these  symptoms  observable  in  the  various  animals  to  which 
in  the  course  of  this  investigation  I  gave  large  doses  of  the  salt  ? 
The  absence  of  such  symptoms  might  be  held  as  proof  that  no 
such  absorption  had  occurred;  or  it  might  be  suggested  that 
dogs,  the  only  animals  used  by  Headland,  are  not  cunenable  to 
the  poisonous  action  of  magnesia.    But,  that  such  an  absorption 
did  occur,  is  placed  almost  beyond  doubt  by  my  more  numerous 
experiments  on  cats  with  the  sulphate  of  soda  (Series  D.),  in 
which  it  was  observed  that  more  than  2^  grammes,  or  the  half 
of  the  salt  administered,  had  disappeared  within  the  first  hour 
from  the  alimentary  canaL    Nor,  apart  from  the  improbability 
of  the  suggestion,  are  dogs  less  susceptible  than  cats  of  the  toxic 
action  of  magnesia;  for,  excluding  my  single  experiment  in 
which  a  dog  died  after  the  injection  of  0*6  gramme  of  the  sul-> 
phate,  Jolyet  and  Gahours^  seriously  imperilled  the  life  of  a 
dog  by  injecting  into  its  circulation  6  grammes  of  the  same  salt. 
Yet  7^  grammes  must  have  been  absorbed  in  Headland's  experi-^ 
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ment  without  the  slightest  symptom  of  poisoning.  In  reconcil- 
ing the  results  of  the  experiments  of  this  series  and  of  those  of 
the  preceding  series,  we  have  to  face  a  diflSculty  of  consider- 
able magnitude.  Sulphate  of  magnesia  produces  well-marked 
symptoms  when  directly  injected,  even  in  very  small  quantity, 
into  the  blood.  Tet  the  same  salt,  when  absorbed  from  the 
alimentary  canal,  and  in  comparatively  large  quantity,  causes 
no  general  symptoms  whatever.  Either  the  salt  which  dis* 
appears  from  the  canal  does  not  enter  the  blood,  or  it  enters  the 
blood  in  such  a  form  or  chemical  combination  that  it  is  no 
longer  capable  of  affecting  the  activity  of  the  tissues  and  organs 
with  which  it  comes  in  contact.  Analyses  of  the  blood  are,  as 
yet,  wanting  to  test  the  probability  of  the  latter  supposition; 
these  I  hope  ere  long  to  supply.  Should  the  former  alternative 
prove  true,  a  still  greater  difficulty  presents  itself,  when  we 
come  to  consider  by  what  channel,  or  into  what  organ,  the  salt 
has  disappeared.  In  so  far  as  our  present  knowledge  of  anatomy 
and  physiology  can  help  us,  we  can  only  think  of  its  being 
absorbed  by  the  liver  from  the  blood  of  the  portal  vein,  and 
restored  to  the  intestines  through  the  medium  of  the  biliary 
secretion ;  for,  both  according  to  Headland's  experiments  and  to 
mine,  the  salt  after  its  first  rapid  absorption  returns  to  the  ali- 
mentary canal.  But  my  observations  have  led  me  to  conclude 
that  the  bile  takes  little  or  no  part  in  the  formation  of  the  fluid 
of  saline  catharsis ;  in  D.  Series  of  Experiments  a  mere  tinging 
of  the  intestinal  contents  with  bile  was  of  rare  occurrence.  On 
the  other  hand,  the  recent  researches  of  H^ger  and  Jacque^ 
have  proved  that  the  liver  is  capable  of  absorbing  a  large  pro- 
portion of  certain  alkaloids,  when  injected  into  the  mesenteric 
vein,  as  much  as  25  to  60  per  cent,  of  nicotin  having  been 
absorbed  in  this  manner.  Their  elimination  in  the  bile  they 
have  not  quite  so  satisfactorily  demonstrated.  On  the  whole,  I 
prefer  to  express  the  opinion,  that  whatever  be  the  circuit 
traversed  by  the  salt  after  leaving  the  alimentary  canal,  it  is 
not  through  the  liver  and  gall-bladder.  The  solution  of  this 
difficulty  requires  further  research. 

Apart  from  the  bearing  of  these  experiments  with  sulphate  of 
magnesia  on  the  nature  of  the  purgative  action  of  the  salt,  they 

^  H^r  6t  Jacque,  Gassette  hebdom,^  No.  29,  1880. 
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are  of  interest  sis  tracing  with  some  precision  the  effect  of  the 
salt  on  the  circulation  and  respiration  when  injected  into  the 
blood.  The  pulse  is  at  first  slightly  accelerated,  but  soon  b^ns 
to  diminish  in  rapidity  until,  following  the  stoppage  of  the 
respiration,  it  ceases  to  be  felt.  The  respirations  are  from  the 
first  lessened  in  frequency,  and  it  is  to  the  paralysis  of  their 
motor  centre  that  death  is  to  be  attributed.  The  action  of  the 
salt  on  the  respiratory  centre  is  not,  however,  permanent ;  for,  if 
artificial  respiration  be  maintained  for  a  few  minutes,  until  the 
excess  of  the  salt  has  been  eliminated  from  the  blood,  or  other- 
wise rendered  less  active,  natural  respiration  will  reassert  itself, 
although  with  greatly  enfeebled  activity.  The  fact  of  the  heart 
continuing  to  beat  throughout  the  maintenance  of  the  artificial 
respiration,  and  while  natural  respiration  remains  as  yet 
paralysed,  points  to  the  salt  acting  more  powerfully  on  the 
respiration  than  on  the  heart.  A  remarkable  feature  is  the 
abolition  of  reflex  sensibility,  which  is  complete  within  twenty 
minutes  after  the  commencement  of  the  injection,  and  when  not 
more  than  0*4  gramme  of  the  salt  has  been  administered^  and 
which  continues  for  one  hour  and  a  half  after  the  paralysed 
respiration  has  been  re-established,  and  for  more  than  one  hour 
and  three  quarters  after  the  injection  of  the  salt  has  been  com- 
pleted. This  affection  of  the  reflex  sensibility  seems  to  depend 
upon  paralysis  of  the  sensory  nerves,  or  of  the  reflex  centres, 
not  upon  paralysis  of  the  motor  nerves  or  the  muscles.  For 
voluntary  movements  of  the  body  are  visible  long  before  reflex 
sensibility  has  been  restored.  Altogether  the  action  of  magnesia 
is  remarkable,  and  precludes  its  being  classed  with  any  recog- 
nised metallic  pharmacological  group. 

Without  taking  into  consideration  the  more  puzzling  points 
which  I  have  already  endeavoured  to  elucidate,  it  may  appear 
somewhat  surprising  that  so  large  a  dose  of  sulphate  of  magnesia 
can  be  administered  by  the  mouth  with  absolute  safety^  whilst  a 
fraction  of  this  dose  is  sufficient  to  produce  the  serious  symptoms 
I  have  described,  and  even  death,  when  injected  directly  into  the 
blood.  This  pharmacological  paradox  is  not  singular ;  for,  not  to 
speak  of  the  well-known  instance  of  curara,  the  salts  of  potash 
show  a  similar  behaviour.  The  potash  salts  are,  when  injected  into 
the  blood,  nearly  four  or  five  times  as  poisonous  as  the  magnesia 
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salts  ;i  yet  an  ounce  of  the  sulphate  of  potash  may  be  swallowed 
by  a  man,  or  8  to  10  grammes  administered  to  a  cat,  without 
causing  more  than  free  purgation.  The  explanation  hitherto  given 
has  been  that,  owing  to  the  elimination  of  the  substance  by  the 
kidney  being  as  rapid  as  its  absorption  from  the  alimentary  viscera, 
it  does  not  accumulate  in  the  blood  in  quantity  sufGlcient  to  pro- 
duce its  general  toxic  symptoms.  Accepting  as  accurate  the  results 
of  Headland's  and  my  experiments,  this  explanation  is  obviously 
not  applicable  to  the  salts  of  magnesia ;  and  as  little  may  it  be 
the  true  explanation  of  the  behaviour  of  the  potash  salts. 

Amidst  much  that  is  uncertain,  there  is  but  one  sure  conclu- 
sion that  can  be  inferred  from  these  experiments  in  conjunction 
with  those  of  the  various  preceding  series,  that  it  is  not  the 
absorbed  salt  which  causes  purgation  by  stimulation  of  the 
intestinal  glands  in  the  process  of  its  excretion,  but  it  is  the  salt 
remaining  within  the  intestines  which  excites  the  glands ;  and 
the  reappearance  of  the  salt  in  the  intestines  is  not  the  cause  of 
the  secretion,  but  merely  the  accompaniment  of  it. 

In  the  following  experiment  an  artificial  imitation  was 
attempted  of  the  supposed  relative  distribution  of  the  sulphate 
of  soda  in  the  blood  and  alimentary  canal  one  hour  after  the 
administration  of  a  purgative  dose  per  os,  with  the  object  of  ascer- 
taining if,  under  these  circumstances,  purgation  would  follow. 

Experiment  LXXVIII, — Black  cat,  female,  weighing  3*02  kilo- 
grammes. 25  CO.  of  a  10  per  cent,  solution  of  sulphate  of  soda,  or 
2 1  grammes  of  the  salt,  were  first  administered  in  the  ordinary  manner, 
to  observe  if  this  quantity  of  itself  was  sufficient  to  purge.  No  purga- 
tion followed.  Three  days  afterwards,  3  grammes  of  the  salt  (20  per 
cent,  solution)  were  injected  into  the  external  saphenous  vein  of  the 
left  hind  leg.  The  injection  extended  over  ten  minutes,  and  the 
animal  was  ansesthetised.  Immediately  afterwards,  it  was  released 
from  the  holder,  and  2^  grammes  of  the  salt  (10  per  cent,  solution) 
were  injected  per  oa  into  the  stomacL  Purgation  never  occurred, 
although  the  animal  was  observed  for  two  days  af terwarda 

The  artificial  distribution  of  the  salt  in  the  blood  and  the 
alimentary  canal  was  not,  therefore,  followed  by  purgation,  a&  I 
had  partly  anticipated.  On  a  point  like  this  a  single  experiment 
is  not  conclusive.     But,  supposing  that  the  result  is  exactly  as 

^  Mickwitz  found  that  the  intrayenotts  injection  of  0*2  gramme  of  nitrate  of 
potash  killed  a  cat — Nothnagel  tu  Eo§sbaeh*$  ArzneimiUellehre,  1878,  s.  14. 
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it  should  be,  then  I  either  failed  to  imitate  exactly  the  condition 
of  the  salt,  when  all  of  it  had  been  administered  by  the  mouth, 
or  some  factors  came  into  operation  in  this  experiment  which 
might  have  interfered  with  the  effect  of  the  salt.  As  regards  the 
latter,  the  cat  took  almost  no  food  and  very  little  water  for 
two  days  previous  to  the  experiment,  and  this  may  have  led  to 
concentration  of  the  blood,  a  condition  which  I  have  proved  to 
interfere  materially  with  the  purgative  action  of  the  salt.  As 
concerns  the  former,  I  failed  to  imitate  perfectly  the  condition 
of  the  salt  in  one  important  respect,  inasmuch  as  the  portion  of 
the  salt  administered  by  the  mouth  was  at  the  upper  end  of  the 
alimentary  canal,  and  not  at  its  lower  end,  as  is  the  case  one 
hour  after  the  administration  of  the  whole  dose  of  the  salt  by  the 
mouth,  and  it  had  to  traverse  the  length  of  the  highly  absorptive 
small  intestine,  where  possibly  so  much  of  it  was  absorbed  by 
the  blood  that  too  little  remained  in  the  intestines  to  stimulate 
sufficiently  the  enteric  glands.  The  incorrectness  of  the  imitation 
may  have  been  still  more  gross.  For  there  is  the  possibility,  pre- 
viously alluded  to,  that  the  salt  which  disappears  from  the  canal 
may  not  be  found  in  the  systemic  circulation.  In  such  a  case  a 
negative  result  was  qaite  to  be  expected. 

Tabulated  Summary  of  ths  Expsrimknts  or  Series  D. 
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8 

<    per  08:  no  purga> 
(    tion. 

• 
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A  VARIETY  OF  PULMONARY  LOBATION  AND  ITS 
RELATIONS  TO  THE  THORACIC  PARIETES,  AS 
ILLUSTRATED  BY  COMPARATIVE  ANATOMY  AND 
ABNORMALITLES  IN  THE  HUMAN  SUBJECT.  By 
WiLUAM  Allen,  M.D.,  Senior  Demonstrator  of  Anatomy, 
University  of  Glasgow. 

Ik  human  anatomy  what  are  known  as  pulmonary  lobes  are  the 
parts  into  which  each  lung  is  divided  by  the  fissures  which  pass 
inwards  from  the  surface  of  the  viscus.  Occasionally  in  man 
these  lines  of  fission  are  superabundant;  thus,  instead  of  the 
normal  number  of  two  fissures  for  the  right  lung  and  one  for  the 
left,  there  may  be  three  and  two  fissures  respectively.  But  it  is 
not  only  by  multiplication  of  fissures,  similar  to  those  which 
occasionally  occur,  that  the  lobes  may  be  increased  in  number. 
The  abnormal  pulmonary  lobes  dealt  with  in  the  present  com- 
munication are  interesting,  in  that  they  are  not  the  result  of 
parenchymal  fission,  but  depended  for  their  production  on  a 
mechanical  cause,  of  which  a  constricting,  cord-like  action  of 
vascular  trunks  on  a  soft  tissue  is  the  essential  factor. 

Before  entering  into  a  description  of  these  human  abnor- 
malities, an  inquiry  into  the  conditions  of  the  thoracic  viscera 
in  lower  mammals  will  be  useful,  especially  as  in  these  a  rela- 
tionship seems  to  exist  between  the  peculiarities  of  the  lungs 
and  the  shape  of  the  chest,  and  the  investigation  of  them  will 
prepare  us  to  explain  the  abnormal  conditions  of  the  human 
thorax. 

On  comparison  of  the  human  thorax  with  that  of  any  of  the 
domestic  mammals — e,g,,  the  horse — it  is  found  to  have  quite  a 
different  shape,  whereby  it  is  adapted  to  the  erect  posture.  In 
man  the  thorax  has  the  transverse  diameter  greater  than  the 
sterno-vertebral,  and  is  remarkably  short ;  whilst  in  the  generality 
of  prone  mammals  it  is  greatly  elongated,  and  has  the  sterno- 
vertebral greater  than  the  transverse  diameter.  As  a  consequence 
of  greater  length  of  thorax,  the  diaphragm  and  pericardium  are 
separated  from  one  another,  and  are  connected  only  by  reflections 
of  pleura,  between  the  layers  of  which  there  may  be  detected 
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aponeurotic  bands  of  a  ligamentous  description.^  Correlated 
with  separation  of  the  diaphragm  from  the  pericardium  there 
are  other  peculiarities,  thus : — ^The  posterior  vena  cava  has  its 
intra -thoracic  stage  of  great  length,  and  surrounded  by  the 
right  layer  of  mediastinal  pleura,  which  in  most  cases  projects 
in  the  form  of  a  pouch  above  and  to  the  left  of  a  vein,  something 
like  the  lesser  sac  of  the  peritoneum,  and  comes  in  contact  not  only 
with  the  large  serous  sac  from  which  it  proceeds,  but  also  with  the 
pleura  of  the  opposite  side.^  The  membranes  thus  brought  into 
contact  lie  back  to  back,  and  form  the  connections  between  the 
diaphragm  and  pericardium  already  noted.  The  sac  also  lies  against 
the  posterior  part  of  the  pericardium,  and  touches  posteriorly  the 
diaphragm.  Into  it  fits  a  small  elongated  lobe,  which  originates 
from  the  inner  side  of  the  right  lung  near  its  base.  This  lobe  is 
spoken  of  in  works  on  comparative  anatomy  under  various  de- 
signations, viz.,  the  Idbrdus  impar,  lobviua  azygos,  and  the  lobule  of 
the  vena  cava?  Of  all  these  names  the  latter  seems  to  be  pre- 
ferable, but  such  a  modification  of  it  as  the  lohu  cavm  is  the  best 
appellation,  because  it  indicates  the  structure  by  which  it  is  sepa- 
rated from  the  rest  of  the  lung,  and  serves  to  distinguish  it  from 
another  lobe  occasionally  seen,  and  which,  from  its  relation  to  the 
vena  azygos,  is  better  entitled  to  the  qualifying  epithet  of  assygos. 
Examination  of  thoraces  in  the  mammalian  series  reveals  the 
fact  that  the  lohus  cavce  is  well  represented  in  the  majority  of 
forms;  ^  while  in  a  few,  of  which  man  is  an  example,  it  is  normally 

^  The  mode  of  connection  of  the  pericardium  and  thoracic  parietea  presents 
very  different  varieties  in  the  difierent  members  of  the  mammalian  series,  being  a 
purely  pleuritic  adhesion  in  some,  and  in  others  presenting  delicate  aponeurotic 
bands  (ligaments)  in  addition ;  while  in  a  few  forms  there  is  the  further  addition 
of  an  adhesion  of  the  pericardium  to  a  large  or  small  area  of  either  the  diaphragm 
(Simiffi)  or  the  costal  wall  (Sus  scrofa),  or  both  (Delphinus).  For  all  these  varieties 
of  attachment,  see  Owen's  Comparative  Anatomy,  voL  iii. 

^  The  left  phrenic  nerve,  after  having  passed  the  pericardium,  lies  between  the 
two  pleurae.  The  nerve  of  the  right  side  is  within  the  fold  which  the  right  pleura 
makes  round  the  vena  cava. 

*  Owen  uses  both  the  first  and  second  terms. — Anatomy  of  VertebraJtes^  voL  iiL 
pp.  576  et  aeq, 

*  The  presence  of  the  lobe,  in  a  well-developed  condition  is  mentioned  by  Owen 
(20C.  dL )  as  occurring  in  the  Oroithorynchus,  wombat,  kangaroo,  potoroo,  petaurus, 
phalangers,  oppossum,  dasyums,  perameles,  porcupine,  pteropuB,  ai,  rhinoceros, 
tapir,  bears,  ratel,  wolverine.  I  have  personally  examined  and  found  it  weU 
developed  in  the  dog,  cat,  horse,  sheep,  oz,  pig,  peccary,  lion,  otter,  fox,  coati- 
mundi,  guinea-pig,  agouti,  rat,  rabbit,  mouse,  hedgehog,  bat. 
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absent^  Between  these  extremes  there  is  an  intermediate  group, 
in  which  an  approach  towards  the  formation  of  this  lobe  occurs.^ 
In  the  mammals  of  this  section  the  rudimentary  pulmonic  lobe 
is  in  the  form  of  an  angular  process,  which  projects  into  a 
depression  of  pleura  behind  the  vena  cava. 

It  is  in  these  prone  mammals  which  have  the  deepest  chests 
that  the  lobiis  cavce  ia  best  developed.^  The  reason  of  this 
becomes  obvious  when  we  consider  that  length  of  thorax  is  to  a 
certain  extent  dependent  on  its  depth.^  The  axis  of  the  heart 
in  the  prone  position  tends  to  assume  the  vertical  direction, 
provided  the  thorax  is  sufficiently  deep  to  accommodate  it.  In 
that  case  the  short  axis  of  the  heart  will  correspond  almost  to  the 
long  axis  of  the  thorax,  and  between  the  diaphragm  and  pericar- 
dium the  lobe  of  the  lung  will  find  room  in  which  to  develop  itself. 
It  is  a  want  of  a  combination  of  these  conditions  which  renders  the 
lobe  small  or  obsolete.  In  the  seal^  the  sterno-vertebral  diameter 
of  the  thorax  is  not  of  depth  sufficient  to  accommodate  the  long 
axis  of  the  heart.  The  apex  of  the  organ  is  therefore  more  in- 
clined backwards  towards  the  diaphragm  than  in  most  other 
mammals,  and  the  lobm  cavce  as  a  consequence  is  small. 

In  Cetaceans^  the  same  relative  shallowness  of  the  chest  occurs; 
but,  in  addition  to  this,  the  sternum  is  shortened  so  much,  that 
the  pericardium  and  diaphragm  are  brought  into  close  contact, 
and  become  so  extensively  connected  as  to  leave  no  space  for 
the  lobe,  which  is  therefore  absent  in  these  mammals.^ 

^  It  is  absent  in  Cetaceans,  and  is  said  to  be  represented  only  by  a  mere  process 
in  Hylobates  (Owen);  though  Macalister  {Morphology  of  Vertebrate  Animals) 
states  that  the  anthropoids  have  never  got  a  *'lobu8  azygos." 

'  In  this  gronp  may  be  placed  baboons  and  other  catarrhines,  in  whom,  according 
to  Owen,  the  "  lobus  impar  "  is  small. 

*  In  estimating  the  length  of  the  thorax,  it  is  necessary  to  measure  the  cavity 
both  dorsally  and  ventrally,  for  in  Cetaceans  the  thoracic  length  along  the  ver- 
tebral column  is  extraordinary,  whereas  the  length  along  the  sternum  is  com- 
paratively short,  and,  partly  as  a  consequence  of  this  shortness,  no  lobus  cava 
exists. 

*  See  footnote  1  on  next  page. 

'  Verified  by  personal  observation. 

*  I  have  personally  examined  the  thorax,  and  have  seen  the  condition  described 
in  both  the  dolphin  and  the  porpoise. 

^  The  pericardium  is  extensively  attached  in  these,  not  only  to  the  diaphragm, 
bat  also  to  the  sternum.  May  not  this  be  due  to  the  greater  relative  width  of  the 
heart  which  is  characteristic  of  these  mammals  (Owen  refers  to  this  great  width, 
he,  cU.),  and  which  is  probably  associated  with  their  aquatic  habits  ? 
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In  man,  however,  the  conditions  are  the  reveroe  of  favourable  to 
the  development  of  the  kirns  cavce;  so  mnch  so  that  the  lobe  does 
not  normally  exist    The  development  of  the  lobe  in  mammalia  is 
inversely  proportionate  to  the  amount  otpericardichdiaphrciffnuUie 
adhesion  which  occurs ;  when  the  adhesion  is  nil,  the  lobe  is  at 
its  maximum ;  when  the  lobe  is  obsolete,  the  adhesion  is  extensive. 
The  extensive  perimrdio'diapkragmcUic  adhesion  which  is  so 
characteristically  human  is  rendered  so  by  the  shortness  of  the 
chest  and  its  narrowness  from  behind  forward ;  and  there  can 
be  no  doubt  but  that  it  is  on  account  of  the  action  of  gravity 
acting  on  the  cardiac  mass,  from  the  human  trunk  being  erect, 
that  this  adhesion  amounts  to  a  fusion  of  pericardium   and 
diaphragmatic  centre.     The  shortness  of  the  sterno-vertebral 
diameter  of  the  chest  renders  the  assumption  of  the  erect  posture 
easy ;  it  at  the  same  time  renders  the  cavity  of  the  chest  short :  ^ 
it  would,  therefore,  be  a  feature  on  which  to  place  reliance  in 
estimating  in  a  mammal,  from  superficial  observation  of  the 
thoracic  parietes,  the  amount  of  adhesion  (if  any)  which  exists 
between  the  pericardium  and  diaphragm.    External  configuration 
of  the  chest  is  therefore  correlated,  not  only  with  internal  changes 
but  also  with  the  posture  of  the  animaL^ 

The  following  are  the  cases  of  abnormal  pulmonary  lobes 
found  in  the  human  chest : — 

I.  An  example  of  a  Lobtu  Cavm  in  Man. — During  the  couiBe 
of  an  ordinary  dissection  of  the  thorax  of  an  adult  subject 
(Session  1879-80),  my  attention  was  directed  to  the  part  with  a 
view  of  elucidating  what  was  at  the  time  rather  puzzling,  there 
being  such  a  change  from  the  normal  condition.  Ab  the  dissec* 
tion  had  arrived  at  a  rather  advanced  stage,  I  succeeded  in 
preserving  only  a  portion  of  the  thoracic  viscera,  but  took  notes 

^  To  explain  what  is  so  vagaely  pat  in  the  text,  it  may  be  stated  that  if  we 
could  artificially  produce  the  sterno-Tertebral  flattening,  characteristic  of  the 
human  chest,  in  one  of  the  ordinary  deep-chested  brutes,  the  approximation  of 
tlie  sternum  to  the  spine  would  (imagining  the  diaphragm  to  be  stretched  tightly  in 
both  positions),  inducea  movement  of  the  muscular  floor  towards  the  thoracic  cavity. 

'  I  do  not  by  this  maintain  that  external  form  of  chest  is  correlated  with  multi- 
plication of  lung  lobes  by  fission,  but  with  the  peculiar  variety  of  lobation  of 
which  this  paper  treats.  Comparative  anatomy  teaches  us  that  lungs  may  be 
altogether  lobeless  (Cetaceans),  or  may  consist  of  lobes  which  are  produced  either 
by  fission  alone  (man),  or  by  constriction  of  vascular  cords  alone  (elephant),  or 
in  both  ways  (majority  of  mammals). 
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on  the  other  peculiarities,  of  which  the  following  is  a  digest. 
The  line  of  reflection  between  the  diaphragmatic  and  pericardial 
parts  of  the  right  parietal  pleura,  instead  of  being  as  usual  along 
the  right  edge  of  the  caval  opening  of  the  diaphragm,  was  within 
the  left  maigin  of  the  vein.  The  vena  cava  formed  therefore  by 
its  right  side  a  prominent  ridge,  and  was  covered  externally  and 
posteriorly,  before  piercing  the  pericardium  by  the  right  pleural 
sac,  which  formed  a  fold  round  the  vessel,  and  enclosed  it  along 
with  the  right  phrenic  nerve.  The  vessel,  however,  was 
lengthened  only  slightly  beyond  the  normal  The  right  pleura 
projected  behind  the  vein,  and  after  covering  part  of  the  back  of 
the  pericardium,  was  reflected  backwards  to  the  right  side  of  the 
oesophagus,  forming  the  right  boupdary  of  the  posterior  media- 
stinum. The  commencement  of  this  layer,  however,  formed  in 
the  angle  between  the  oesophagus,  pericardium,  and  diaphragm 
I  a  close  connection  with  the  pleura  of  the  left  side,  the  two 

I  membranes  in  that  position  Ijdng  back  to  back,  as  could  be  easily 

appreciated  by  embracing  the  sides  of  the  pericardial  bag  with 
f  the  hands  and  bringing  the  fingers  of  one  hand  towards  those 
I  of  the  other  behind  it.    This  peculiar  bi«-laminar  septum  was 

placed  more  to  the  left  than  the  right,  and  was  occasioned  by 
I  the  prolonged  depression  of  the  right  pleura,  which  passed 

behind  the  vena  cava  and  pericardium.  The  depression  formed 
,  a  small  on!  de  sae,  the  open  mouth  of  which  corresponded  to  the 

I  interval  between  the  edge  of  the  pleural  fold  containing  the 

vena  cava,  anteriorly,  cmd  the  ligamerUttm  latum  pidTnonis^ 
posteriorly,  the  serous  projection  being  continuous  with  the 
anterior  layer  of  the  latter.  The  right  lung  gave  off  a  small 
angular,  blunt  process,  which  passed  into  and  accurately  filled 
this  hollow.  This  pulmonic  process  was  distinctly  marked  off 
from  the  rest  of  the  lung  by  a  shallow,  wide,  vertical  groove  in 
front,  which  corresponded  to  the  projecting  vena  cava,  and  was 
limited  behind  by  the  line  of  attachment  of  the  ligaTnerUum 
latum  jnUmonis  to  the  lung.  Inf eriorly,  the  process  was  flat  and 
continuous  with  the  rest  of  the  pulmonary  base  surface.  "When 
compared  with  the  corresponding  parts  of  the  thorax  of  a 
, .  domestic  mammal,  eg.,  rabbit,  there  is  conclusive  evidence  of  the 
identity  of  this  process  and  the  pleural  depression  which  lodges 
it  with  the  caval  lobe  and  its  sac  in  prone  mammals.    In  addition 


^ 
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to  this  resemblance  between  lower  maminalian  forms  and  the 
parts  displayed  in  this  dissection,  the  preserved  portions  of  the 
thoracic  viscera,  of  which  a  preparation  has  been  made,  show 
that  the  afiBjiity  is  still  more  complete.  The  pericardiom  is  not 
firmly  attached  to  the  diaphragm,  for  they  were  easily  stripped 
separate  from  one  another;  further,  there  is  presented  in  the 
specimen  a  good  example  of  a  permanent  left  duct  of  Cuvier  in 
the  form  of  a  previous  left  superior  vena  cava,  of  about  crow- 
quill  calibre,  which,  passing  in  front  of  the  root  of  the  left  lung, 
receives  posteriorly,  from  above  the  pulmonic  root,  the  termina- 
tion of  the  left  superior  intercostal  vein. 

A  case  having  a  bearing  on  this  one,  and  probably  belonging 
to  the  same  category,  is  described  by  Professor  Turner.^  The 
chief  peculiarities  mentioned  as  existing  in  that  case  are : — The 
diaphragm  and  pericardium  were  unattached,  the  pericardium 
forming  a  perfectly  free,  movable  bag;  and  as  the  vena  cava 
proceeded  upwards  to  pierce  this  bag  it  had  a  thoracic  stage  of 
about  one  inch  in  extent.  As  the  lungs  had  been  dravni  on  one 
side  before  Mr.  Turner's  attention  was  directed  to  the  dissection, 
the  relation  of  the  right  lung  to  the  vena  cava  was  not  ascer- 
tained.' 

XL  Azygos  Lobe. — Another  abnormal  lobe  has  been  spoken  of 
at  the  commencement  as  better  deserving  the  name  of  azygos 
than  that  above  described,  for  it  bears  the  same  relation  to  the 
azygos  vein  that  the  caval  lobe  bears  to  the  inferior  vena  cava 
Both  lobes  also  belong  to  the  same  class,  for,  as  will  be  seen 
afterwards,  the  vein  and  lobe  in  each  case  stand  to  one  another 
in  the  relation  of  cause  and  effect  This  lobe  (azygos)  has  been 
noted  twice  in  the  pages  of  the  Jourruil  of  Anatomy,^  where  also 
its  nature  was  first  described  by  Professor  Cleland.*  Since  the 
Session  1877-78  up  till  the  commencement  of  the  present  Session, 
three  well-marked  specimens  of  the  lobe  have  been  met  with  in 

^  *'  Case  in  which  in  man  the  pericardiom  was  unattached  to  the  diaphragm, 
with  a  parallel  illustration  from  the  walrus."— t/imr.  of  Anal,  and  Phfs,,  voL 
V.  p.  141. 

'  The  presence  of  a  well-deyeloped  lobe  of  this  sort  in  the  human  subject  is 
recorded  by  S.  Pozzi  (Bevue  cP Anthropologies  1872,  p.  448).  The  lobe  was  of 
triangular  shape,  and  about  one-fourth  the  size  of  the  middle  lobe. 

•  Chiene  in  Jour,  of  Anai,  and  Phys.f  vol.  iv.  (1870);  also  Cleland,  /Mi, 
Tol.  iv.  p.  200. 

^  Jjoe,  cU, 
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this  medical  school  In  one  case  it  was  present  in  a  foetus,  in 
the  others  in  the  adult,  and  all  were  in  every  respect  similar  to 
those  already  put  on  record.  Briefly  the  peculiarities  in  each 
are : — ^The  arch  of  the  vena  azygos  does  not  correspond  to  the 
upper  border  of  the  right  pulmonic  root,  but  ia  greatly  elongated 
and  lodged  at  the  bottom  of  an  oblique  sulcus  which  indents  the 
back  of  the  apex  of  the  lung  and  separates  a  bit  off  from  the 
rest  of  the  viscus.  As  the  vein  lies  at  the  bottom  of  the 
abnormal  groove,  it  is  in  the  free  edge  of  a  reduplication  of  the 
parietal  pleura,  which  fills  the  sulcus  in  such  a  way  that 
tihe  abnormal  lobe  lies  in  a  sac  whose  open  mouth  is  encircled 
by  the  azygos  vein.^ 

Professor  Oleland  {loc.  eU.)  accounts  for  the  formation  of  the 
azygos  lobe,  thus : — 

''The  great  vena  azygos,  in  its  early  development,  passes 
upwards  to  open  into  the  transversely  situated  right  duct  of  ' 
Ouvier.  By  the  descent  of  the  heart  from  the  cervical  region 
into  the  thorax,  the  right  duct  of  Cuvier  becomes  the  vertically 
placed  vena  cava  superior,  and  the  great  vena  azygos  is  bent 
downwards  till  its  terminal  part  becomes  horizontd.  What  I 
believe  then  has  taken  place  to  produce  the  supernumerary 
lobe,  is  that  there  has  been,  at  a  very  early  period,  a  slight 
adhesion  of  the  lung  to  the  thoracic  wall,  or,  much  less  probably, 
an  undue  curvature  of  the  embryo,  so  that  the  vena  azygos,  as 
it  bent  downwards  to  a  position  at  right  angle  to  its  original 
direction,  instead  of  slipping  behind  the  pleura  and  lung,  dragged 
down  a  fold  of  the  former,  and  deeply  notched  the  latter." 

There  seems  to  be  no  mention  made  in  works  on  comparative 
anatomy  of  the  presence  of  tins  lobe  as  a  permanent  condition 
in  any  mammal.  In  some,  however,  there  may  be  seen  an 
approach  towards  its  formation.  In  the  rabbit  the  vein  has  its 
arch  placed  very  far  forward  (close  to  the  first  rib),  and  forms  a 
prominent  ridge,  under  which  the  mammillary  superior  angle  (the 
part  corresponding  to  the  apex  in  man)  of  the  posterior  maigin  of 

^  £.  W.  Collins  describes  a  lobe  of  this  variety  which  he  saw  in  a  subject  in  the 
dissecting-room  of  Trinity  College,  Dublin.  He  also  refers  to  other  similar  cases, 
and  to  an  interesting  one  mentioned  by  Wrisberg,  where  the  lobe  was  from  the 
2^  Inng,  and  in  connection  with  the  snperior  intercostal  yein  of  that  side,  indi- 
cating the  possibility  of  a  lobe  being  cnt  off  by  either  of  the  Cnvierian  ducts  as 
they  alter  their  position.— ^Von*.  Roy.  Irish  Acad,,  April  1874. 
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the  luDg  fits.  In  fact,  the  relation  of  the  parts  is  such  that  a  back- 
ward movement  of  the  venous  arch  would  produce  aa  azygoe 
lobe.  In  a  porpoise,  dissected  here  lately,  the  lobe  is  present 
in  a  largely  developed  condition ;  the  fold  of  the  pleura  has,  in 
fact,  divided  the  elongated  apex  of  the  right  lung  into  two 
equal  parts,  the  fissure  reaching  down  almost  to  the  level  of  the 
lung  root  That  this  state  of  matters  in  the  porpoise,  is  the  Tule 
or  the  exception  is,  however,  problematical,  and  requires  an  ex* 
amination  of  more  than  a  single  specimen  to  determine. 

III.  An  Azygos  avd  Caval  Lobe  existing  together. — One  of  the 
adult  subjects  referred  to  under  heading  IL  presented   this 
double  abnormality.     The  subject,  a  male,  was  dissected  here 
last  winter  session.    The  azygos  lobe  was  larger  than  in  the 
other  cases,  being  made  up  of  the  whole  of  the  apex  of  the  right 
lung,  and  the  sulcus  which  cut  it  off  was  horizontal,  and  not 
oblique*    In  other  respects  it  was  like  the  others.    In  additkn 
to  this  azygos  lobe  there  was  a  caval  lobe  also  present.     like 
the  other  abnormal  caval  lobes,  it  was  simply  a  lip  of  pulmonary 
tissue,  which  projected  behind  the  vena  cava,  the  vessel  heijog 
covered  on  its  right  side  by  pleura,  on  account  of  the  area  of 
adhesion  between  the  pericardium  and  diaphragm  being  anally 
than  usual    In  this  case  also  a  peculiar  fibrous  band  (ligament) 
existed,  which  is  interesting  as  being  the  representative  of  some 
of  the  pericardial  ligaments  of  prone  mammals.    The  band  which 
was  flat  was  three  inches  long,  and  about  a  quarter  of  an  inch 
broad,  and  connected  the  front  of  the  pericardium  with  the 
costal  cartilage  belonging  to  the  seventh  rib  of  the  left  side. 

In  proceeding  to  investigate  the  mode  of  formation  of  these 
lobes,  it  is  at  once  apparent  that  the  vein  lying  in  the  groove, 
which  circumscribes  or  limits  the  lobe,  was  instrumental  in  the 
production  of  that  loba  In  this  peculiar  process  of  lobe  forma- 
tion, the  principal  requirement  is  that  the  vein  should  be  of 
sufficient  length,  and  that  through  it  a  resistance  should  be 
applied  sufficient  to  obstruct  the  development  of  the  lung  mass. 
In  the  case  of  the  azygos  vein  the  force  was  represented  by  the 
movement  of  the  heart  from  the  cervical  region,  which  was 
sufficient  to  make  the  vessel  cut  into  any  lung  tissue,  which 
through  accidental  circumstances  came  in  the  way.  The  force 
which  acts  on  the  lung  tissue  through  the  vena  cava  in  the 
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production  of  a  caval  lobe,  is  probably  also  resident  in  the 
cardiac  mass.  By  a  movement  of  the  heart  on  its  long  axis  the 
vena  cava  inferior  passes  from  its  original  central  position 
towards  the  right,  and,  in  those  mammals  in  which  its  intra- 
thoracic length  is  great,  presses  against  the  lung,  and  produces 
a  caval  lobe,  which  is  increased  in  size  by  the  fact  that  at  the 
same  time  that  the  vena  cava  moves  to  the  right,  the  medias- 
tinum is  being  pushed  to  the  left  and  the  right  lung  grows 
towards  it.  This  same  growth  of  the  parenchyma  of  the  lung 
after  the  receding  right  mediastinal  layer  of  pleura,  is  further 
evidenced  in  some  prone  mammals  by  the  projection  of  a  large 
tongue-like  process  from  the  sternal  edge  of .  the  right  lung 
across  the  middle  Una  The  process  lies  in  front  of  the  pericar* 
dium,  and  overlaps  part  of  the  origins  of  the  great  vessels  and 
thymus  gland,  and  is  in  some  mammals,  e.^.,  the  ox,  so  large  as 
to  merit  the  title  of  lobe,  although,  unlike  the  azygos  and  caval 
lobe,  no  well  marked  constriction  defines  its  origin.^ 

The  retrogression  of  the  right  mediastinal  layer,  on  which  the 
presence  of  this  lobe  is  dependent,  is  probably  associated  with 
the  atrophy  of  the  lower  part  of  the  right  aortic  arch,  and  a 
want  of  development  of  other  parts  of  the  right  branchial  arches. 
In  man,  the  chest  flattening  does  not  admit  of  the  formation  of 
this  lobe,  but  occasionally  its  representative  may  be  recognised 
as  a  thin  process  which  projects  from  the  anterior  margin  of  the 
right  lung,  and  which  in  inspiration  crossed  the  middle  line  about 
the  thymic  region.  Such  a  process  when  large,  and  its  better 
developed  homologue  in  Euminantia,  should  be  caUed  the  thymic 
or  aortic  lobe,  so  as  to  distinguish  it  from  the  other  abnormal 
pulmonary  lobes  in  man,  or  from  these  which  in  comparative 
anatomy  occur  normally. 

Seeing  that  the  form  of  chest  flattening  characteristic  of  man 
is  unfavourable  to  the  development  of  these  lobes,  can  we  by 
embryology  account  for  the  difliBrent  forms  of  chest  flattenings  ? 
At  the  time  that  the  heart  descended  from  the  cervical  region 
the  chest  walls  which  surrounded  it  were  of  the  same  shape  in 
all  mammalian  forms.    But  by  the  pressure  of  other  parts  of  the 

^  It  is  known  as  the  **  anterior  lobe  of  the  right  lung  "  by  comparative 
anatomists,  and  is  best  developed  in  Ruminants. — See  ChattmaUf  by  Fleming, 
p.  470. 
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foetal  mass  on  ibis  barrel-shaped  thorax,  a  change  of  shape  is 
brought  about,  for  the  whole  foettis  is  being  as  it  were  moulded 
to  the  shape  of  the  chamber  which  holds  it  The  moulded  mass 
assumes  the  cylindrical  form  in  bicornuate  uteri,  and  the  ovoid 
in  the  pjrriform  human  uterus.  The  large  size  of  the  human 
foetal  head  and  its  bent  position  on  the  front  of  the  chest,  where 
the  arms  are  already  folded,  causes  the  chest  to  be  pressed  on 
anteriorly ;  hence  a  sterno- vertebral  flattening  is  the  result.  In 
other  mammals,  however,  the  gradually  thickening  limb  arches 
will,  in  preserving  the  cylindrical  form  of  the  foetal  body,  grow 
at  the  expense  of  the  rotundity  of  the  body  cavity,  producing 
through  the  arches  of  the  fore  limbs  the  bilateral  flattening 
of  the  thorax,  which  in  prone  mammals  remains  unchanged 
throughoat  their  whole  after  development. 


J^J  BOSTON 
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CRITICAL  REMARKS  ON  POLYDACTYLY  AS  ATAVISM. 
By  C.  Geobnbaur,  Professor  of  Anatomy  in  the  University  of 
Heiddbei^g,  Tranislated  and  Abridged  by  J.  G.  Gabson,  MD., 
Anat,  Assist,  in  the  Museum  of  the  RoycU  GoUege  of  Surgeons  of 
Englandy  and  BL  Gadow,  Ph.I).* 

Instangbs  of  supemumeiary  fingers  and  toes  have  been  frequently 
recorded  and  minutely  described,  but  great  diversity  of  opinion  exists 
as  to  their  explanation.  It  has  been  held  by  some  liiat  they  are 
simple  monstrosities,  whilst  others  have  assigned  to  them  a  deeper 
meaning,  and,  looking  on  them  from  an  evolutionary  point  of  view, 
consider  them  to  be  a  reappearance  of  a  more  primitive  organisa- 
tion, or  a  reversion  (Riickschlag)  to  a  primary  state, — ^in  a  word,  an 
atavism. 

At  first  sight,  the  second  view  would  seem  to  be  the  more  satis- 
factory, since  many  cases  can  be  explained  by  it,  which  if  simply 
looked  upon  as  mere  malformations,  would  be  disconnected  like  other 
"abnormalities."  The  first  view  appears  to  be  the  more  simple,  as  it 
does  not  suggest  other  conditions  or  require  speculation.  Considering, 
however,  that  the  idea  of  ^^  abnormality  "  does  not  involve  anything 
positive,  it  is  doubtful  whether  the  former  view  has  any  advantage 
over  the  latter,  satisfactory  evidence  against  which  can  only  be 
obtained  from  evolution. 

Cases  of  polydactylism  maybe  arranged  under  two  categories,  accord- 
ing to  the  number  of  digits  normally  present  in  those  animals  where 
it  occurs.  Assuming  that  the  normal  number  of  fingers  and  toes  in 
mammals  is  not  more  than  five,  Polydactyly  in  those  which  possess  that 
number  is  of  a  different  kind  from  that  occurring  in  those  which 
normally  have  less  than  five,  even  though  the  polydactylism  should 
complete  the  number  to  five.  4 

The  first  variety  occurs  chiefly  in  man,  at  least  it  is  most  frequently 
observed  in  him.  In  it,  the  number  of  abnormal  supernumerary  fingers 
and  toes  may  vary  till  they  equal  that  of  the  normal  digits,  the  extra  ones 
being  developed  on  either  margin  of  the  hand  or  foot  Those  cases, 
Riidinger  has  stated,  must  be  considered  as  reduplications,  and  there- 
fore as  malformationa^  '^  This  mode  of  looking  at  them,"  he  says, 
"  certainly  su^ests  itself  more  readily,  and  is  easier  to  prove,  than 
Darwin's  supposition  that  polydactylism  is  an  atavism."  Eildinger  has 
tried  to  show  th^  correctness  of  his  idea  by  throwing  doubt  on  the 
accuracy  of  Dirwin's  statements  regarding  the  reproduction  of 
amputated  supe  -  iimerary  fingers.  Darwin  considers  the  presence  of 
these  fingers  to  be  a  manifestation  of  a  lower,  and  to  a  certain  extent 
an  embryonic,  co:'.dition,  while  he  regards  their  reproduction  as  a  process 
of  budding  similar  to  what  is  found  in  the  limbs  of  amphibia.  If  the 
facts  collected  by  Darwin  are  coxiect,  as  to  which  he  himself  of  course 

^  Morpholog.  Jahrbuch^  Bd.  vi.  s.  684-596. 

'  BeUrdge  z.  Anat.  d,  Qehdrorgans,  <ke,,  Manchen,  1876. 
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was  unable  to  jud^,  ceitainly  the  suggestion  based  upon  them  is  not 
to  be  discarded.    Biidinger,  on  the  other  hand,  gives  a  laige  number  of 
cases,  communicated  to  him  by  Grerman  surgeons,  in  which  there  was 
no  regeneration  of  the  supernumerary  fingers  after  they  had  been 
once  amputated,  and  from  this  he  thinks  that  he  has  been  able  to 
disprove  the  atavistic  meaning  of  those  formations.     This  would  be  the 
ease,  indeed,  if  Darwin  had  based  his  explanation  exchisivdy  on  the 
existence  of  such  regeneration,  and  if  the  idea  of  an  atavistic  organ 
necessarily  involved  power  of  reproduction,  a  condition  which  it  has 
never  occurred  to  any  one  to  suppose.     Fingers  and  toes  can  be  of  an 
atavistic  nature  equally  as  well  as  other  oi^gans  without  showing  any 
trace  of  reproductive  power,  in  case  of  loss.     Eiidinger's  argument 
therefore  appears  to  be  inapplicable.     Again,  he  is  mistaken   if  he 
believes  that  we  gain  more  than  a  simple  name  by  calling  such  cases 
^*  malformation  "  or  '^abnormality,"  because  atavism  itself  is  an  "  abnor- 
mality," and  *' malformation"  explains  nothing ;  neither  does  the  state- 
ment that  this  or  th&t  explanation  suggests  itself  more  readily  prove 
anything.     We  must  therefore  seek  for  entirely  different  reasons  than 
those  used  by  him. 

In  the  first  place,  we  have  to  keep  in  mind  the  atavus  to  which  this 
augmented  number  of  fingers  is  to  be  referred.     Then  it  must  be 
proved  whether  the  conditions  under  which  the  reversion  (Biickschlag) 
occurs,  can  be  referred  to  the  atavus.     As  regards  the  polydactylous 
atavus  itself,  Darwin  has  already  conceived  it  as  existing  at  an  early 
period  in  the  evolution  of  vertebrates.     Indeed,  those  atavistic  forms 
of  the  limbs  cannot  be  found  in  existing  reptilia  or  amphibia,  but 
must  be  sought  for  far  below  them,  amongst  the  fishes  or  such  fossil 
reptiles  as  the  Enaltomnn,    Of  fishes,  only  the  Selaehic^  Chimcera  or 
Ceratodtis  need  be  considered,  because  there  exists  only  in  their  limbs 
a  greater  number  than  five  such  skeletal  elements,  as  become  trans- 
formed into  fingers  and  toes  from  the  amphibia  upwards.    Of  the 
Enaliosauri  only  the  Ichthyosauri  were  polydactyloua     The  enormous 
distance  from  those  fishes  up  to  the  mammalia,  makes  it  scarcely 
probable  that  the  polydaotylism  of  tiie  latter  can  have  had  its  origin 
among  the  former.     The  distance  is  so  great,  that  even  the  skeletal 
parts  of  the  limbs  which  have  been  preserved  by  inheritance  have 
undergone  such  extraordinary  transformations,  that  their  homologies 
are  misinterpreted  and   still  not  universally  acknowledged.      The 
Ichthyosauri  apparently  approach  somewhat  nearer  to  the  mammals ; 
they  are,  however,  differentiated  in  a  special  direction  divergent  from 
that  of  the  mammalian  stem.      If,  then,  we  accept  polydactylous 
forms  as  the  ancestors  of  the  mammalia,  the  limbs  of  those  animals 
must  have  been  very  different  from  mammalian  limbs. 

In  the  second  place,  we  have  to  consider  the  conditions  under  which 
polydactylism  appears.  It  must  always  be  remembered  thai  super- 
numerary  parts  are  both  in  their  external  appearance  and  structurally, 
a  repetition  of  the  digital  type  which  is  expressed  normally  at  the  ends 
of  the  limbs  as  fingers  and  toes  [are  reduplications  of  fingers  and  toes]. 
In  cases  where  a  lower  and  oider  stage  reappears  by  atavistic  force, 
one  would  expect  that  the  product  of  such  would  exhibit  ancestral 
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characters.  Polydactyliflm  of  the  lower  vertebrates,  as  far  as  we  know, 
does  not  consist  in  the  fact,  that  instead  of  there  being  five  fingers, 
as  in  man,  there  is  a  greater  nnniber  of  similarly  shaped  digits  on  a 
hand,  but  is  a  factor  which  influences  aU  the  skeletal  parts  of  the 
limbs,  and  therefore  intimately  connected  with  the  condition  of  the 
whole  organism.  Consequently,  it  is  as  impossible  to  conceive  of 
polydactyle  limbs  being  transformed  into  pentadactyle  ones,  unless 
we  admit  that  important  changes  have  occurred  in  the  condition  of 
the  whole  limb,  as  it  is  to  imagine  the  sudden  appearance  of  a  part 
which  had  previously  existed  in  an  old  polydactyle  form,  without 
(according  to  the  laws  of  correlation)  the  other  parts  of  the  limbs  being 
influenced,  and  being  atavisticaUy  affected  in  some  way  or  other. 
Otherwise  we  must  suppose  that  the  momentum  of  inheritance,  after 
having  remained  dormant  for  an  indefinitely  long  period,  on  reviving 
reproduces  only  the  type,  and  that  each  specialisation  can  be  adapted 
to  that  state  which  in  the  meantime  has  been  acquired  by  the  whole 
organism.  The  type  idea,  then,  would  consist  in  the  presence  of 
a  series  of  skeletal  parts,  which  by  secondary  adaptation  become 
specialised  into  phalanges,  metacarpals,  and  carpals.  This  specialisation 
would  have  originated  under  the  influence  of  the  higher  organism  in 
which  the  atavism  appeared.  Whether  this  view  is  correct  or  not 
may  be  doubted,  but  it  is  certain  that  adaptation  of  atavistic  parts  to 
the  rest  of  the  limb  does  not  take  place  in  such  a  way  that  the  pro- 
duct represents  a  lower  state  of  development.  Supernumerary  fingers 
and  toes,  we  find,  may  be  attached  to  tiie  inner  or  outer  margin  of  the 
hand  or  foot  in  every  imaginable  way,  and  may  vary  in  number. 
They  may  also  occur  in  the  digital  series  itself,  by  the  longitudinal 
division  of  individual  fingers.  In  cases  of  polydactyUsm,  where  no 
digital  division  occurs,  or  where  the  supernumerary  finger  is  only  a 
rudimentary  appendage,  it  is  not  uncommon  to  find  that  the  bones  of 
the  carpus  and  tarsus  are  increased  in  number.  The  arrangement  of  these 
supernumerary  bones  never,  however,  indicates  a  lower  state,  not  even 
in  those  instances  where  they  do  not  possess  specific  forms.  Great 
weight  must  be  attached  to  these  circumstances,  as  they  illustrate  the 
two  following  important  facts : — ^Firstly,  they  show  that  the  new 
apparition  (Erscheinung)  has  no  connection  with  any  definite  lower 
form.  If  any  connection  did  exist,  the  atavistic  parts  could  not 
appear  promiscuously.  Reappearances  of  an  earlier  form  can  only 
occur  at  the  spots  corresponding  to  those  at  which  they  existed  in  the 
atavus.  These  facts  do  not  support  the  migration  theory  of  atavism, 
but^  on  the  contrary,  show  its  weakness.  Secondly,  they  show  that 
increase  in  the  number  of  component  parts  in  those  polydactyle  forms 
cannot  be  traced  beyond  the  carpus  or  tarsus.  If  continued  further 
upwards,  which  has  not  hitherto  been  observed  in  man,  but  has  been 
found  in  animals,  it  would  result  in  a  complete  reduplication  of  the 
limb,  and  so  of  course  could  no  longer  be  considered  atavistic.  We 
have,  therefore,  only  to  deal  with  increase  in  the  terminal  parts  of 
the  limbs  as  j^  as  the  carpus  and  tarsus.  It  has  been  elsewhere 
shown  that  the  akeletal  parts  of  the  extremities  originate  from  a 
series  of  rays  attached  to  the  limb-stems  (Gliedmassenstammen),  the 
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single  segments  lesnlt  from  the  splitting  np  longitudinally  of  these 
limb-stems,  while  the  terminal  series  represent  the  bones  of  the 
digits.^  Multiplication  of  the  parts  which  correspond  to  the  fingers, 
namely,  the  rays,  seems  to  be  based  upon  a  multiplication,  not  only  of 
the  terminal^  but  also  of  the  more  proximal  parts  of  the  limbs.  Con- 
sequently, the  anti-brachial  or  the  crural  segment,  and  the  humeral  or 
the  femoral  segment  should  also,  as  will  be  well  known  to  every  one 
acquainted  with  the  theory  of  the  vertebrate  limbs  already  quoted, 
participate  in  the  multiplication,  but  this  is  not  the  casei  It  would 
be  very  remarkable  if,  in  every  instaoce  of  polydactylism,  only  the 
distal  part^—a  segment  of  a  ray — ^be  preserved,  whilst  the  proximal 
part,  which  is  for  binding  the  distal  parts  with  the  liml>stem,  or 
girdle,  is  invariably  lost. 

We  see  therefore,  on  examining  more  closely,  on  the  one  hand,  the 
conditions  supposed  to  be  atavistic,  and,  on  the  other  hand,  the  stmo- 
ture  of  normaUy  polydactyle  limbs,  that  no  bases  can  be  obtained  for 
the  establishment  of  that  supposition  [that  the  parts  are  atavistic]. 
Neither  the  condition  of  die  single  parts  in  polydactylism,  nor 
their  mutual  relation,  support  the  atavistic  theory.  There  is 
nothing  indicative  of  a  lower  organisation  except  the  increase  in 
number  for  which  atavism  would  be  the  only  possible  cause,  if  we 
accept  that  it  is  the  only  thing  which  is  capable  of  producing  such  an 
increase.  But  this  is  not  the  case,  since  it  is  quite  as  likely  to  be  due 
to  reduplication,  with  which  we  have  to  reckon,  quite  as  much  as 
with  atavism.  If  therefore  the  existence  of  polydactylism  cannot  be 
proved,  in  limbs  already  pentadactyle,  we  must  abandon  the  hypothesis 
[of  atavism]. 

The  other  form  of  polydactylism  previously  mentioned  is  found  in 
those  mammals  which  have  normally  fewer  than  five  digits  on  each 
limb.  They  are  derived  from  pentadactyle  forms.  If  the  total 
number  of  fingers,  including  the  supernumerary  ones,  exceeds  five,  the 
case  has  to  be  regarded  as  identical  with  those  already  considered ;  but 
if,  however,  the  total  nunlber  is  less  than  five,  there  are  other  conditions 
[which  require  to  be  considered],  though  here  the  explanation  of  the 
supernumerary  fingers  as  being  atavistic  formations  is  also  attended 
with  difficulty.  Firstly,  the  atavus  would  be  less  distant,  because  it 
must  have  belonged  to  the  same  class,  since  in  this  pentadactyhsm 
has  already  become  typical ;  secondly,  there  still  exist,  in  many 
cases,  remnants  of  aborted  fingers  or  toes,  to  the  importance  of 
which  for  redevelopment  into  complete  digits  Darwin  has  already 
directed  attention.  Thus  we  see  here  two  extraordinarily  favourable 
opportunities  for  the  development  of  polydactylism  from  atavism. 
We  must,  however,  examine  these  cases  more  closely.  Polydactylism, 
as  is  well  known,  is  most  frequently  found  in  swine,  and  chidELy  in 
their  fore-limb.  In  course  of  time  many  such  cases  have  been 
examined  by  us,  and  though  the  details  of  each  has  been  forgotten, 
the  general    results    agree  exactly  with  those  of   a  case  recently 

^  For  a  fuller  account  of  what  is  here  referred  to,  see  Morph,  Jahrbwh^  Bd. 
IL  p.  896. 
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examined,  which  was  received  from  a  veiy  competent  source  as  *'  a 
thoroughly  genuine  case  of  atayism."  It  consisted  of  the  four 
limbs  of  which  the  himds  unfortunately  were  cut  off  at  the  carpo- 
metacarpal joints,  so  that  no  part  of  the  carpus  was  preserved,  and 
only  a  few  of  the  metacarpak  had  their  proximal  ends  remaining. 
What  did  remain,  however,  was  sufficient  for  comparative  examina- 
tion. On  both  hands  (manus)  the  2-5  fingers  were  quite  normally 
developed,  but  on  the  inner  or  mesial  side  of  the  second  digits  of  each 
manus  there  was,  in  addition,  a  first  digit,  so  that  the  pentadacylism 
was  complete.  It  was  remarkable  that  digits  III.  and  lY.  were  of 
equal  size,  so  that  there  was  no  gradation  in  the  length  of  the  fingers 
from  the  medius  outwards,  as  in  the  normal  pentadactyle  hand.  The 
digits  II.  and  lY.  were  likewise  of  equal  size.  The  artiodactyle 
shape  of  each  manus  seemed  therefore  complete,  only  with  the  addi- 
tion of  a  first  digit,  the  atavistic  production.  An  examination  of  the 
bones  show  that  in  the  right  hand  there  were  five  metacarpals,  the 
articular  surfaces  of  which  were  normally  developed.  Of  these  meta- 
carpal m.  was  the  most  important.  It  was  broader  than  usual,  with  a 
large  articular  facet  on  the  upper  surface  of  its  proximal  end,  for 
articulation  with  the  third  carpal,  and  two  lateral  facets  for  the  second 
and  fourth  carpals.  From  the  important  investigations  of  W.  Eowalev- 
sky  in  ungulates,  it  appears  that  this  condition  of  the  proximal  ends 
of  the  third  metacarpal  is  met  with,  for  the  first  time,  in  recent  forms 
of  pigs.  In  the  fossil  remains  of  the  Suina  of  the  Miocene  period, 
this  broadening  of  the  bone  towards  the  radial  side  does  not  exist. 
In  ChcerotJierium  metacarpal  II.  articulates  as  usual  with  the  second 
carpal,  but  also  with  the  third  carpal  on  its  radial  aspect  In  Pakeo- 
choerus  metacarpal  IL  is  separated  from  the  third  carpal,  metacarpal 
III.,  however,  not  only  articulates  with  it,  but  extends  to  the  second 
carpaL  In  Sua  the  second  carpal  has  two  facets  of  nearly  equal  size, 
of  which  the  one  on  the  ulnar  side  articulates  with  the  superior  and 
internal  processes  of  the  flattened  end  of  metacarpal  III,  whilst  the 
other  articulates  with  metacarpal  11.  This  arrangement  shows  that 
the  carpal  articulation  of  metacarpal  IL  has  a  tendency  to  diminish 
in  size.  Finally,  in  Dieotylus  the  second  carpal  articulates  only  witli 
metacarpal  IIL,  whOst  metacarpal  IL  has  entirely  lost  its  articulation 
with  the  trapezoid.  This  shows  that  the  carpo-metacarpal  articulation, 
which  was  characteristic  of  the  ancestral  Buina^  has  been  lost  in  the 
genus  Sfus}  One  would  expect  that  if  an  atavistic  form  of  hand 
occurs  in  this  latter  genus,  there  would  also  be  some  trace  of  those 
conditions  just  described.  The  correlations  of  the  different  pai*ts 
justifies  this  expectation.  By  the  addition  of  a  new  finger  the  whole 
hand  is  changed,  so  that  it  can  no  longer  be  called  artiodactyle,  and 
one  might  expect  other  lower  conditions  besides  this  finger  to  appear ; 
in  a  word,  that  artiodactylism  had  disappeared  also  in  the  carpus.  In 
the  present  case,  and  in  many  others  which  we  have  examined,  there 
was  no  indication  of  this,  and  everything  pointed  to  a  recent  form* 

1  « Osteology  of  Hyopotamids,"  PhOcs,    TrofM.  Boy,  Soc,  London,  1878, 
p.  76. 
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Since  these  considerations  gives  little  support  to  an  atavistic  explana- 
tion, let  us  consider  digit  L,  the  one  in  which  the  supposed  atavism 
appears.     This  atavism,  however,  is  no  longer  present  in  ungolateB^ 
since  pentadactyUsm  has  not  been  recognised  in  any  of  them.     While 
the  metacarpus  (and  also  the  carpus)  indicated  a  recent  foim,  the 
presence  of  a  first  digit  gave  the  hand  an  appearance  still  older  than 
that  of  even  the  Miocene  Suitub.    It  could  not  be  made  out  whether 
metacarpal  L,  which  was  a  little  smaller  than  metacarpal  11.,  articu- 
lated with  the  first  carpal     If  it  did  so,  the  otherwise  rudimentary 
first  carpal  would  most  probably  have  been  larger.     Metacarpal  I.  was 
somewhat  shorter  and  feebler  than  metacarpcd  IL,  and  its  digit  was 
still  more  so ;  but  of  most  importance  is  the  fact,  that  this  first  finger 
had  three  phalanges,  of  these  the  first,  or  proximal,  was  longer  than 
the  other  two  together,  the  second  was  short  and  thick,  and  the 
terminal  one,  though  more  slender,  was  hardly  longer  than  the  second 
From  this  it  follows  that  the  first  finger  could  not  represent  the  pollex 
which,  in  mammals,  except  in  the  Cetaeea,  has  always  only  two  phal- 
anges, it  being  exactly  similar  in  all  respects  to  the  other  four  finger& 
The  idea  of  atavism  in  this  finger  must  consequently  be  abandoned, 
since  the  unknown  pentadactyle  ancestor  of  the  Ungtdata  could  have 
only  possessed  a  bi-phalangeal  pollex  on  this  part  of  the  hand,  like 
every  other  pentadactyle  mammal    This  fact  must  be  kept  once  for  all 
clearly  in  mind.     Closer  examination,  therefore,  shows  that  we  hare 
absolute  proof  that  there  is  nothing  tu  the  one  manus  which  can  be 
considered  atavistic. 

The  external  appearance  of  the  left  manus  was  similar  to  that  of 
the  right;  but  there  were  only  four  metacarpals,  that  of  the  first 
digit  being  absent ;  its  place,  however,  was  taken  by  metacarpal  11., 
which  had  its  distal  end  flattened  out,  and  carried  the  second  and  first 
fingers.  The  phalanges  of  the  first  finger  were  somewhat  larger  than 
the  corresponding  ones  of  the  other  hand,  and  were  of  the  same  sisse  as 
those  of  the  second  finger.  As  this  first  digit  had  likewise  three 
phalanges,  it  cannot  be  said  that  we  had  here  such  an  atavistic  state  in 
which  the  first  finger  was  disappearing  by  suppression  of  its  meta- 
carpal or  by  amalgamation  of  that  bone'  with  the  second.  Moreover, 
a  metacarpal  does  not  disappear  by  transferring  its  function  to  an 
acyacent  one,  as  can  easily  be  proved  in  mammals.  A  finger  does  not 
become  suppressed  before  it  has  lost  its  function,  and  its  metacaipal 
bone  is  not  affected  before  this  has  taken  place.  The  following  circum- 
stance will  show  how  careful  one  must  be  in  explaining  such  case& 
As  the  additional  finger  has  three  phalanges,  we  have  come  to  the  con- 
clusion that  it  cannot  be  an  atavistic  formation,  but  must  be  an 
example  of  reduplication.  This  conclusion  cannot  be  reversed.  We 
cannot  say  that  the  existence  of  a  smaller  number  of  phalanges  is  a 
sign  of  atavism,  because  it  is  quite  possible  that  the  accessory  finger, 
notwithstanding  its  smaller  number  of  phalanges,  is  not  a  pollex ;  such 
additional  parts  being  ofben  incomplete.  Ontogeny  likewise  does  not 
favour  the  atavistic  theory,  since  no  germ  of  the  first  finger  has 
hitherto  been  found  in  any  embryo.  A.  Eosenberg,  who  looked  for 
this  in  vain,  thinks  that  '*  perhaps  metacarpal  L  may  be  still  traced. 
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since  it,  as  must  be  inferred  by  analogy,  would  have  disappeared 
at  a  later  period  than  metatarsal  L"^  Thus  only  the  first  carpal 
remains,  and  that  "  in  a  somewhat  lees  differentiated  condition  than 
the  other  carpal  bones."  This  ontogenetic  condition  is  phylogeneti- 
cally  accompanied  by  the  very  early  loss  of  the  first  digit,  together  with 
its  metacarpal 

To  sum  up,  we  have  proved  that  the  case  just  described,  like  others 
so  frequently  found  in  pigs,  cannot  be  considered  as  atavistic.  We 
have  here  to  deal  with  a  monstrosity,  which  must  be  placed  to  the 
category  of  reduplication,  and  which  in  the  instance  described  varied 
in  form  in  each  manus,  since  in  one  manus  it  was  traceable  proximad 
as  far  as  the  metacarpal  bone,  whilst  in  the  other  it  affected  ihe  whole 
metacarpal.  On  account  of  the  product  of  this  duplicity  being  one 
finger,  the  manus  had  a  pentadactyle  appearance,  and  the  first  finger 
would  have  been  considered  a  pollex,  but  for  its  three  phalanges. 

This  supposed  case  of  atavism  has  been  so  fully  considered  in  aU 
its  bearings,  in  order  to  indicate  the  points  which  appear  to  be  of 
importance  for  critical  examination  of  similar  cases.  *The  atavistic 
theory  itself  does  not  lose  in  weight  by  the  elimination  of  cases 
which  do  not  belong  to  it.  It  is  only  made  clearer  thereby,  and  gains 
iji  importance  when  the  range  in  which  the  atavistic  appearances  can 
occur  is  restricted  by  the  exclusion  of  those  conditions  which  indicate 
a  reversion  (Eiickschlag)  to  a  very  early  form.  It  must  also  be 
acknowledged  that  the  occurrence  of  atavism  in  cases  of  complete 
neomorphism  (Neubildung)  is  contradictory  to  the  theory  of  descend- 
ancy,  since  it  breaks  the  continuity  of  inheritance.  Atavism  can  be 
admitted  only  in  those  cases  where  parts  normally  rudimentary  are 
developed  from  a  still  existing  germ. 

In  proportion  as  the  position  of  the  atavistic  model  is  less  remote, 
so  are  the  difficulties  of  understanding  its  appearance  diminished. 
Thus  it  is  comparatively  easy  to  explain  the  existence  of  a  super- 
numerary digit  (IV.)  in  the  horse,  since  it  can  be  traced  back  to  com- 
'  paratively  recent  tridactyle  ancestors.^  Hensers  investigations  show  it 
to  be  probable  that  the  finger  typically  attached  in  Hipparion  to  the 
medial  styloid  bone  becomes  last  aborted.  Consequently,  when  reappear- 
ance of  an  ancestral  form  occurs  in  the  horse,  it  is  this  finger  which  is 
reproduced.  This  accords  with  a  very  interesting  case,  lately  described 
by  Prof.  Marsh,^  in  which  a  second  digit  was  completely  developed  on 
both  the  anterior  and  posterior  limbs  of  a  horse.  We  see,  therefore,  that 
those  cases  occurring  in  horses  (first  rightly  propounded  as  atavism 
by  Hensel),  do  not  belong  to  forms  palaBontologically  remote  and 
systematically  far  distant  It  is  not  the  ungulate  group  of  the 
Fensodactyles  alone  which  are  included,  but  even  the  family  [?].  The 
question  might  arise,  whether  in  such  cases  of  atavism,  skeletiu  parts  of 
supernumerary  digits  are  not  perhaps  a  further  development  of  germs 
usually  latent.      In  the  horse,  A.   Bosenberg  was  unable  to  prove 

^  ZeUschriftf.  Wiaaenaeh.  ZoohgU,  Bd.  xxiiL  p.  122. 

'  Hensel,  '*  Ueber  Hipparion  Mediterraneam,*'^&A.  h,  Akad  d.  JFitsenseh,  Z., 
Berlin,  1861,  p.  66. 
'  American  Journal  of  Science  and  Art,  vol.  zvii.  June  1879. 
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this;  however,  the  question  does  not  seem  to  be  fuially  settled,  as  more 
material  is  required  than  was  at  Rosenberg's  disposal^     In  any  case 
skeletal  parts  which  appear  in  the  earliest  differentiation  of  the  embryo, 
and  become  suppressed  later  on,  do  not  play  an  unimportant   rdle. 
Atavism  consists  not  in  the  existence  of  a  latent  germ,  but  in  its 
becoming  perfected  and  further  developed.     In  this  lies  the  reversion 
(Eiickschh^).      We  have  in  the  next  place  to  distinguish  between 
two  different  forms  of  atavism.     In  the  one  the  atavistic  part  exists 
by  the  law  of  inheritance  in  the  early  embryo  as  a  germ  which 
normally  disappears,  but  which  in  some  cases  becomes  further  de- 
veloped.    An  example  of  this  form  is  seen  in  the  os  centrcdia  carpi  of 
man.      In  the  other  form  the  atavistic  part  is  not  found  normally  in 
the  germ,  because  in  it  the  reversion  has  already  taken  place.     Ex- 
amples of  this  form  are  afforded  by  the  horses  mentioned  abova     The 
first  form  we  propose  to  call   "  Palseogenetic,"  the  second   "  Neo- 
genetic  "  atavism. 

Before  closing  this  discussion,  there  is  a  point  already  referred  to 
which  requires  further  consideration,  namely,  the  idea  of  malformation 
or  monstrosity,  under  which  category  of  morphological  conditions  the 
case  of  the  pig  already  discussed  has  been  classed.     With  improved 
methods  of  research,  these  conditions  are  better  understood,  and  we 
have  no  longer  any  right  to  regard  them  as  '^  preter  naturam,"  since 
we  now  know  that  quite  analogous  conditions  occur  normally.     We  are 
accustomed  to  explain  malformations  "  per  defectum ''  by  ontogeny,  as 
an  arrest  of  development  at  a  more  or  less  early  stage,  and  an  attempt 
has  been  made  to  explain  malformations  '*  per  excessum,"  so-called 
double  monsters,  by  tracing  them  back  to  conditions  usually  found  in 
lower  vertebrates.2   The  polydactylism  of  mammals  belongs  to  the  latter 
category ;  but  it  is  not,  however,  so  widely  different  from  the  first  as 
it  would  at  first  sight  seem  to  be.     The  ontogenetic  stations  have  long 
been  known  to  be  persistent  in  lower  forms ;  those  appear  again  in  the 
ontogeny  of  the  higher  forms,  since  they  existed  in  their  ancestors. 
Thus  ontogeny  in  such  cases  is  only  a  transitional  stage  between  mal- 
formations and  phylogeny.     We  might,  therefore,  speak  of  atavism  in 
malformations.     This  is  not  done,  however,  since  in  them  another 
condition  appears,  namely,  want  of  adaptation.     Cleft  palate  in  a 
lizard  or  bird  is  normal,  and  the  other  organs  are  correlated  in  structure 
and  function  to  that  condition.     Cleft  palate  in  a  mammal  is  an 
abnormality,  as  the  other  parts  are  not  in  correlation  with  it.     Mal- 
formation is,  therefore,  a  pathological  condition,  and  must  be  distin- 
guished from  atavism,  with  which,  however,  it  is  connected  through 
the  neogenetic  forms  of  the  latter.     The  difference  between  them, 
however,  may  not  be  great,  as  want  of  adaptation,  or,  in  other  words, 
malformation,  varies  in  degree.     In  any  case,  to  regard  certain  con- 
ditions as  malformations,  and  even  to  constitute  such  a  category,  does 
not  mean  to   doubt  the  soundness  of  the   organic   world;   on  the 
contrary,  a  careful  study  of  what   malformation  is,  only  makes  its 
morphological  position  clearer. 

^  Rosenberg,  Morpholog.  Jahrbucky  Bd.  i. 
'  Rauber,  Morpholog.  Jahrhuch. 
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